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ABSTRACT 
The present 20,000 metric tons of Haplochromis spp. caught 
from Lake Victoria ·could be increased to 160,000 metric tons 
from proposed trawling operations. The increased landings of 
these small and bony fish cannot be easily processed by traditional 
sundrying methods. Although there are schemes for converting the 
catch to fish meal, there is a need to utilize the extra catches 
of Haplochromis for direct human consumption. 
The present study investigates a simple preservation method 
for Haplochromis spp •. involving the production of salted mince 
cakes suitable for use in Uganda. The mince, obtained from whole 
ungutted fish using a Baader 694 flesh-bone separator, was washed 
in chilled water and yields of J7.J% obtained. The salting process 
involved the use of dry salt and 40% salt, as a proportion of the 
washed mince, gave a product that could be moulded into coherent 
fish cakes. The cakes were dried in a mini Terry kiln at 40°C 
before being stored at ambient temperature (20- 25°C) over a 14 
weeks period unpackaged, packed in vacuum or packed.without.excluding 
air in low density polyethylene. A simple desalt·ing process of 
soaking. the cakes in water for JO minutes was used. 
During storage, weekly determinations were made for salt content, 
moisture content, lipid contents, TVC, halophiles and Staphyllococcus. 
At the same time a four-man expert taste panel evaluated the desa1ted 
cookl'!d fish cakes for appearance, odour, texture·, fish taste and 
rancidity. 
The salted cakes were found to be microbiologically stable and 
kept well at ambient temperature ( 20- 25°C) even ov.er long periods 
of time ( 14 weeks) • 
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1. INTRODUCTION 
.;., 1 -
Developing coutlltries are known to have huge "gaps" in their 
food requirements. These "gaps" arise from insufficient food to 
provide energy and protein to sustain the nitrogen balance 
(Taylor, 1978), Among the factors contributing to the food "gaps" 
of the developing nations are prolonged droughts, floods, political 
upheavals and famines. In the recent past {1980) press reports 
showed the extensive drought and famine in countries bordering 
Lake Victoria, viz, Kenya, Tanzania and Uganda. 
Lake Victoria has been a traditional supplier of fish to 
these countries and the commercial fish species harvested include 
Tilapia spp. (l. nilotica, l• esculents, l· zilli and l• leucostictal, 
Bagrus docmac, Clarias spp., Hydrocynus spp., Protopterus aethiopicys, 
Lates nilotica and Haplochromis spp. {Kanyike, 1972), Haplochromis 
spp·. makes only a minor contribution towards the total catch but 
its potential is recognised and full exploitatio.n of Lake Victoria 
should enable Haplochromis spp. to become the largest contributor 
to the total catch. 
This sudden increase in fish supplies will introduce enormous 
handling, transport, processing and storage problems particularly 
with Haplochromis which is traditionally preserved by sundrying. 
It is in recognition of these difficulties that Ugandan authorities 
have started investigations into alternative methods of preserving 
and processing Haplochromis, 
There is·a need for developing a simple preservation process. 
for Haplochromis-in a form suitable for direct human consumption. 
This study explores the possibility of utilizing Haplochromis mince 
and its preservation using a simple method that could be adopted 
in Uganda. 
-------------------------------, 
2. LITERATURE SURVEY 
~------------------------------------------------------------------------
, .. · 
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The literature was surveyed to cover fish production in 
Uganda, present methods of processing and consumption of 
Haplochromis, other methods of processing so far investigated, 
fish minces, and worms and micro-organisms in minces~ 
2.1 Fish Production 
Fish production in Uganda increased from 124,500 tonnes in 
1969 to 178,000 tonnes in 1978 (FAO, 191>9, 1978). During this 
period there was also an increase in population from about 9.6 
million (Dhatemwa, 1975) to 12.4 million (FAO, 1978) giving per 
caput consumption' of 13.0 kg and 14.4 kg respectively. The 
increase in fish production has, as had been predicted, been 
largely due to increased harvests from Lake Kyo.ga where introduced 
species of Lates niloticus and Tilapia nilotica were predominant 
(Stoneman and Rogers, 1970). In 1972 Lake Kyoga contributed 
100,000 tonnes while the production from Lake Victoria was 30,940 
tonnes out of a total of 165,000 tonnes of fish landed in Uganda 
(Dhatemwa, 1975). 
Lake Victoria is known to have tremendous fish stocks which 
could yie1d substantial harvests. Like other African lakes (Balon 
an:f Muyanga, 1974) it is endowed with numerous species of 
Haplochromis that have radiated into every possible ecological niche 
of the lake. The known number of species of Haplochromis in the 
lake has increased from 90 to 120 over the years as new species are 
discovered (Greenwood • 1966; Jack son, 1971) but now· it is thought 
more likoly to be between 150 and 170 species (Greenwood, 197 4) • 
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The present fishing methods are predominantly passive using 
selective gill nets, and only limited beach seining operations 
are carried out on Lake Victoria yielding about 20,000 tonnes of 
Haplochromia· ( Kudhongania, 1973) but less than 2,000 tonnes being 
landed in Uganda in 1970 (Jiwani and Dhatemwa, 1972). Stock 
assessment studies of the lake have revealed an annual "potential 
yield" of 200,000 tonnes about BD% of which being Haplochramis 
(Okedi, 1972; Kudhongania, 1973; Kudhangania .lll'.!•r 1974). 
This pa•tential can be realised by adopting active gear particularly 
trawling. Lake Victoria has sufficient depth (mean depth 40 metres 
with maximum of 79 metres) to permit trawling. The Haplochromis 
stocks are found in waters of between 10 and 50 metres and trawling 
operations in waters deeper than 30 metres will avoid overlapping 
the present gill natters (Kudhongania ·ll.l!.l•, 1974). 
Commercial trawling operations on Lake Victoria are feasible 
(Jackson, 1972) and although a cautious approach is recommended by 
Kudhongania .ll.i!.l•• (1974) with regard to the proper management of 
the stocks, and Butcher (1972) highlights the social repurcussions 
to the present fishermen and fishmongers, the indications are that 
it will be adopted to make use of ths large fish stacks and provide 
much needed protein food. 
2.2 Present Methods of Processing and Consuming Haplochramis 
There are no refrigerated facilities for the distribution or 
storage of fresh fish in Uganda and consequently areas distant from 
the lake depend mainly on supplies of preserved fish. 
·. 
·' 
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figure 1 MAP Of Uganda showing lakes and towns referred to in 
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2. 2.1 Process·ing: 
Haplochromis spp. are small fish with adults ranging in size 
from 4 cm to 25 cm but the majority being in the 10-13 cm range 
(Greenwood, 1969) see Plate I. Their small size creates handling 
and processing problems and hand gutting is impractical. Except 
for the larger types, that may be caught in gill nets and are 
smoked. in the usual way, those caught in beach seines are sun 
dried. The fish are washed and about 10 to 20 individual fish are 
secured on a stick about 60 cm long by drawing the sticks through 
the eyes. Ten such sticks are joined together in parallel by 
strings.the whole structure appearing like a mat of fish. The mats 
are hung in the open air·and the fish is allowed to dry over a 
period of up to six days (Dhatemwa, 1975). 
2.2.2 Consumption: 
Jiwani and Dhatemwa (1972) give the demand for Haplochromis as 
only 5% compared to 55% for Tilapia spp. and 25% for Bagrus·docmac. 
The low demand for Haplochromis is attributed to the small and 
bony nature of the fish. Its present consumption is also ·confined 
mainly to the Lake Victoria belt (which can be taken to include 
the towns of Mubende and Tororo Figure 1) where some customary 
habits favour its consumption at feasts ( Kudhongania ~.ill.·, 1974'). 
It is also claimed to have medicinal effects·in curing measles but 
the author is not aware of any medical evidence to support this 
claim. 
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Plate I Specimens of Haplochromis showing variations in size . 
" 
A 
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Large size Haplochromis sp p . (over 15 cm ) are sold fresh or 
hot smoked. The fresh fish is gutted and steamed, with heads on, 
in casseroles and the meat plucked off the bones at the table. 
The hot smoked fish is soaked in water and may be steamed separately 
or mixed with vegetables or frequently with groundnut sauce. 
The sundried Haplochromis is ground into a powder using a 
pestle and mortar and the powder is mixed with other sauces in 
the same way as for smoked fish. In most cases the dried fish is 
purchased whole on sticks although a few cases are known to the 
author where packed Haplochromis powder has been sold in grocery 
shops. 
2.3 Other Methods Investigated for Processing Haplochromis 
Investigations into alternative methods of processing and 
preserving Haplochromis have been carried out in Uganda. 
2.3.1 Canning 
Canning trials were carried out by Beatty (1964) to establish 
whether products could be successfully manufactured. Such products 
could provide:~ 
a) prolonged storage of the fish; 
b) a substitute for imported canned fish; and 
c) possible development of export markets to 
earn foreign exchange. 
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A mechanised descaling method was developed but the beheading, 
gutting, trimming (cutting off the fins and ·tails) and washing 
were done manually. The yield after beheading and gutting was 52%. 
The fish required a pre-treatment to give an acceptable product 
and this was achieved by either cold smoking or frying the fish 
in edible cooking oil before canning in tomato sauce or in oil. 
Owing to the hard nature of the bones the retorting process required 
at least 2 hours before the bones could be softened. The product 
was packed in 17Dg (6 oz) ·cans. 
Hess (1968) reduced some of the handling operations by Beatty . 
He also found that 2% of the catch in 50.8-63.5 mm cod end trawl 
was commercially too small while 12% was too large for canning in 
170g cans. In order to reduce fish wastage, he proposed the use 
of different can sizes for different sizes of fish. However, as 
cans smaller than 17Dg type were unobtainable, th~ reduction in 
fish wastage could only be made by using larger cans. He, therefore, 
supplemented the product range by canning the larger fish in 340g 
cans. The grading of the fish was visual which created practical 
problems of consistency. A more objective grading method by using 
a mesh sieve was not very reliable since the ratio of the girth 
(body depth) to total length of Haplochromis varies with species . 
Besides difficulties of grading, the numerous species of Haplochromis 
made their separation in species impossible under commercial 
practices and Basasibwaki (1974) states that it is equally difficult 
for the expert~ 
In the final report Hess (1969) highlights the technical 
difficulties of the canning process, i.e. the non-uniformity of the 
raw material being of various colours, sizes leading to non-un iformity 
of the finished product; the labour intensity in handling the fish 
individually particularly when cleaning out the viscera. The 
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prolonged retorting time and non-uniformity of the finished 
product seemed to rule out export outlets. However, with t he aid of 
a flow diagram (figure 2} he recommends a small scal e canning 
operation turning out 2,400 cans (of 170g each} on B hour day 
shift and the product could be for local consumption. The scheme 
does not appear to have been implemented and Dhatemwa (1975 ) 
reports that Government guidance was being sought before further 
work on canning was undertaken. As far as the author is aware 
the work has been "shelved". 
2.3.2 Drying (Dehydration ) 
The traditional a~r drying of fish ma kes use of high ambient 
temperatures and favourable relative humidity conditions. Tabl e t 
(page 1t) gives air conditions for Entebbe as representing tyRical 
conditions on Lake Victoria shores. The Haplochromi s dr i ed in t he 
open air had the water content reduced from 74% (determined at 110°C 
to constant weight ) to between 16 and 19% over a 6 days dryi ng 
period . This was recorded by Beatty (1 964 ) . He recommended. t he 
use of drying trays 1.2m x 0.9m which could be transferred to a 
shelter at night or during the rains. 
During the rainy seasons (February-April and September-November ) 
the drying of fish is retarded resulting in accelerated spoilage. 
This not only lawers the market value of fish but also imparts bl and 
flavours and in extreme cases leads to total loss of the fish. 
Beatty (1964} developed a mechanical process of drying Haplochromis 
using a laboratory model wooden tunnel drier 2.4m x 0. 6m x O.Jm 
(B ft. x 2ft. x 1 ft.) which was fitted with internal electric 
- - - ----------------------------------------------------------------
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Figure 2 Flow diagram and descrietion of canning erocess of 
Haplochromis 
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Table I 15 Year avera ge of Relative Humidity and Maximum and Min i mum Temperatures at Entebbe 
Month 
Jan. Feb. March April May J une July Aug . Sep . Oct. 
Re l ative 
Humidity % 63 65 69 72 74 72 70 70 68 66 
Maximum 
Temperature 89 90 9 1 63.4 82.2 84 . 2 63 .. 2 84 67 84.6 
of 
Minimum 
Temperat ure 57.2 57 . 5 57 . 2 59.5 58.8 58 . 2 57 . 0 56.5 58 . 0 57r5 
of 
Source; Beatty (1964) . 
------------------------------------------------------------------------------------------------------ ----- -
Nov. Dec . 
67 65 
89 65 
59.5 58.0 
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-1 heaters and an air fan producing an airflow of 1.3m sec 
(250 ft. / min). The dry ing time of Haplochromis of average weight 
2Dg was on average 24 hours at about 77°C. The moisture content 
of the product was 27% after 13 hours drying time. On a 
commercial scale he recommended the construction of a larger 
tunnel drier 7.3m x 1.Bm x 2.4m utilizing diesel fired heaters 
to supply the heat. The fish were laid on trays similar t o those 
used in open air-drying . The tunnel had a loading capacity of 
-2 1361 kg and the load on the trays was 12.2 kg m • To increase 
output the drier could be used to reduce the moisture content of 
the fish to 50~ (in about 5 hours) and the drying process complet ed 
in the open air. 
Such an operation was designed for use by the fish processor 
rather than the fisherman. However, the author is not aware of any 
fish processors in Uganda having adopted this method and their 
reluctance was presumably due to lack of ca pital and sufficient 
quantities of fish at the time. It is also doubtful whether the 
worldwide soaring fuel prices would leave the method an attractive 
proposition when the trawling project e xpands . 
Fish Powder 
Jiwani and Dhatemwa (1972) advocate the production of a fish 
powder from Haplochromis that could be distributed to i nstitutions 
like hospitals, schools and army units. The author was ac t ively 
involved in the production of this powder which was not fish protei n 
concentrate. Unlike the Haplochromis powder already on the market, 
which was from ground sundried whole fish, this new powder was 
- 13 -
prepared from gutted, headed and smoked fish. The elaborate 
procedure was required to produce a product that could be crushed 
and sieved in . a . hammer mill. The gutting and beheading increased 
labour costs and inevitably eliminated the use of small fish that 
could not easily be handled and were wastefully discarded. Therefore, 
the fish powder was produced from Haplochromis of the size that was 
easily marketable in the fresh form and considering the cost of t he 
reduction process, the price of the final product was uneconomic. 
Fish Meal 
The only fish meal production in Uganda that has been reported 
is from offals of a filleting plant {Dhatemwa, 1975 ), and this is 
not operational at the moment. In Tanzania a pi lo t plant has been 
constructed at Nyengezi to reduce Haplochromis into fish meal 
{ Kudhonga.nia ll al., 1974). The production of fish meal appears 
attractive as a means of utilizing excess catches for animal feed 
{Butcher, 1972) and it would also reduce the foreign currency drain 
presently involved in importing fish meal. However, fish meal 
production should not overshadow the benefit of direct human 
consumption in the fight against malnutrition {Jiwani and Dhatemwa, 
1972). Kudhongania ~~· (1974) caution on the wastage involved 
in converting the food at increased trophic levels from beef t o 
humans. It is also stressed that installing a fish meal plant, 
which to be economically feasible has to be of a certain minimum 
size of between 20 and 80 tonnes, involves enormous input costs. 
From feasibility studies, recommendations ha ve been made for 
the Uganda authorities to construct a fish meal plant {Director, 
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U.f.F.R.O., 1981 ). No problems were envisaged in the marketing 
of fish meal. 
2.3.5 Dry Salting 
Dry salting as a fish preservation method is practised 
mainly on Lake Albert and the Albert Nile (Annual Report, 1971) 
and involves three types of fish: Ngara (Alestes spp.), Ngassa 
(Hydrocynus spp.) and the Niie Perch (Lates niloticus and 
b· macrophthalmus). The brine liquor is allowed to drain away 
from _the heavily salted nile perch whereas the smaller Ngara and 
Ngassa are merely split open, lightly sprinkled with salt and left 
to dry in the open air (salt content of dried fish will depend on 
product and method of salting and although no detailed studies 
have been carried out the salt content in the heavy cure is about 
35%). The salted products are consumed mainly in the ncrthern and 
western parts of Uganda (see Figure 1) with some being exported 
ta the Zaire (Annual Report, 1971; Semakula, 1 ~67; Dhatemwa, 1975). 
In an effort to find alternative markets for Haplochromis, , 
salting trials have been carried out at Entebbe· and market trials 
undertaken (Annual Report, 1971 l . The author w.as involved in this 
project (details of which are unpublished) where Haplochromis was 
dry salted (salt: fish ratios up to 1 :4) in large tanks and the fi·sh 
allowed to soak in its own brine fcrr up to four days. The fish was 
then sundried over a period of 7 days (depending on weather 
conditions), the dry fish packed in hessian cloth and then transported 
to the northern towns of Moroto, Kotido, Kitgum,Lira, Gulu and Arua. 
Although no detailed chemical determinations or market survey 
records are available, the products were of reasonable quality and 
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were easily accepted by the community that was already used to 
salted fish. Subsequent deliveries were quickly sold out and 
there were no complaints regarding desalting. It can be added 
that during the salting trials inquiries and actual purchases 
were made of the salted Haplochromis by the community around the 
processing centre at Entebbe. This is an indication that the 
market for salted fish cannot be considered as being exclusively 
in the north of the coun~ry. 
However, the method was time consuming as the salting process 
lasted up to four days before the product was dried. 
2.4 Fish Minces 
2.4.1 The Production of Fish Mince 
The disadvantages outlined in section 2.3.1 above appear to 
rule out the canning of Haplochromis spp. while the low yield and 
high labour inputs do not favour the production of fish powder. 
The production of mince from Haelochromis can make use of the catch 
without distinction of sizes, species or colour thus reducing the 
wastage in canning. A mince is mostly flesh that has been 
mechanically separated from the bones using machines designed for 
the purpose Figure 3~ Tanikawa (1963} reports that such machines 
were in use in Japan from 1953 . 
As no work on the production of mince from Haplochromis has 
been reported most of the information given below (in subsections 
of 2.4) is from work on other genera of fish. 
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2.4.1.1 Mechanism of Flesh-bone Separation 
The flesh-bone separation process has been described by 
various workers, King and Carver (1970), Miyauchi and Steinberg 
(1970), Keay and Hardy (1978), Drews (1976). Essentially the 
process involves squeezing fish between a perforated, hollow 
steel drum and a revolving rubber belt which bears the tension. 
The flesh is extruded by shear forces into the hollow drum which 
has one open end far receiving the flesh (Figure 3). The skin and 
bones are scraped off the drum and recovered as waste. The size 
of the drum perf oration may vary from 1 mm to 10 mm in diameter 
(Drews, 1976) and affects the number and size of bone fragments 
in the recovered flesh (section 2 .4.1.2). By varying the tension 
of the belt various degrees of flesh separation can be effected . 
Under laboratory use flesh yields of between 36 . 9~ and 66.6% 
(based on whole fish) for some Pacific Ocean fish are reported by 
Miya~chi and Steinberg (1970). They also show that by passing the 
waete through the flesh-bone separator the flesh yields of herring 
(£. harengus pallasi) were increased by 28 . 41.. Carver and King 
(1971) refer to yields of up to 66 .6% but give no indication whether 
the basis is beheaded or whale fish and whether a second separation 
was carried out on the waste. 
In the nauger type» flesh-bone separator the higher pressure 
gives i ncreased yields but as reported by Jauregui and Baker (1980) 
this may be accompanied by increased discoloration from released 
skin pigments. 
- 17 -
Figure 3 Diagram showing the basic principles of a flesh-bone 
separator 
A 
E 
8 
F 
D 
~ 
A * Raw material , B = Perforated drum, C = Residues (bones, skin, 
scales , fins, etc.}, D =Recovered flesh mince, E· = Delivery chute, 
F = Rotating endless pressure belt. 
(Adapted from Cover of Terry Advisory Note 79- Keay, 1979}. 
- 18 -
2.4.1 .2 Bone Fragments in Fi~h Mince 
fish mince is devoid of any skin and contains few, if any~ 
scales. However, there are bone fragments in the mince whose 
size and quantity wilL be determined by the diameter of the drum 
perforations. The perforation diameter alscr affects the texture 
of the mince. The larger the perforations the better the texture 
but larger perforations allow bigger and more bones to pass into 
the mince (Drews, 1976; Bremner, 1978). Patashnik ~al., ( 1974a) 
suggest that short bones are obtained when bones are broken as 
they are sheared through the openings whereas long bones escape 
into the mince when by chance radially aligned bones are extruded 
before being broken. Patashnik ~al. (1974b } further suggest that 
the bone content in the mince may also be determined by t he type 
of equipment used , its adjustment, the type of raw material and 
the species of fish being used. Wong ~al. (1 978 ) report similar 
findings showing that longer bones were obtained from herring th~n 
from pollack- or widow fish when using 5 mm and 7 mm perforations 
whereas fewer and shorter bones were obtained with 2 mm and .3 mm 
perforations regardless of fish species. Bremner (1 978) showe d 
that although 10 mm drum perforations gave a mince with a texture 
closer to the natural form, too much bone was alJ:Cl'Wed into the 
mince. 
Minced fish has been introduced in the form of frozen blocks· 
to some markets af the developed world (Mendelsohn, 1974a l' and the 
~recess lends itself to mass production. In order to at t ain 
consistency for quality cqntrol purposes it is necessary to monitor 
the bone content in the product. This is especially necessary where 
such end products as fish sticks might receive insufficient treatment 
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to soften the bones (Patashnik ~al. 1974b). 
Bone fragments in the mince are considered harmful if they 
leave indentations when pressed between fingers (Patashnik 
~al., 1974a). A number of methods have been devised to 
determine the bone content in the fish mince quantitatively. 
Patashnik ~al. (1974b) describe a gravity-flotation method 
which they recommend for routine quality control in the production 
of fish blocks. Yamamoto and Wong (1974} describe a chemical 
method utilizing the solubilizing action of urea on proteins in 
the mince and recovering the insoluble bone fragments. Bremner 
(1978) digested the flesh with alkali and then by differential 
flotation in chloroform (CHC13 ) separated the bones. 
Attempts have been made to set standards on bone fragments 
that can be permitted in fish mince. Patashnik ~31· (1974a) 
report the intentions of the United States to set up standards 
for minced fish blocks. Bremner (1978) also refers to the 
~reposed standards by the FAO/WHO Codex Alimentarius Commission 
that a fish mince .block would be ranked as defective i f 1 kg of 
it contained more than 2 (two) bone fragments longer than 5 mm 
in any dimension. As for fish fingers, no bone "capable of 
piercing or hurting the palate after the product is cooked'' is 
permitted. 
· In industry it is possible to reduce the bone content by 
adjusting the tension in the pressure belt and by passing the 
mince through a strainer (King and Carver, 1970; Carver and King, 
1971; Bremner, 1978). The minimum mesh size of the strainer is 
1 m•, but 2 mm is the size commonly in use. The use of a strainer 
increases production costs . 
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2.4.1 .3 Treatment of Minces 
The mince recovered from "V" cuts, bones and frames is often 
discoloured and may require some treatment to lighten it, improve 
on its texture and prolong its keeping time. 
a) Washing 
The simple· process of washing the mince with water can 
greatly improve its colour and various methods have been described 
by Ravichander and Keay (1976). Three washings with ice cold 
water can be applied in proportions of five parts water to one 
part of mince, agitating and the excess water drained off . 
Alternatively, the chilled wate r can be sprayed on the mince in 
the perforated drum as it is produced by the flesh separator or 
the mince may be washed with flake ice . 
Kudo £1 al. ( 1973), Okada £1 al. ( 1973 ) and Miyanchi e t .21· 
(1973) describe the was hing of fish mince with from 4 to 10 parts 
of water to one part of mince and repeating the process four to 
five times as a preliminary treatment for the preparation of 
Kamaboko . Rekhina (1974) describes the washing of mince from 
gutted and beheaded fish using fresh water in the ratio of three 
parts water to one part of mince and applying two washings. Tableros 
and Young (1981) used "chilled distilled water to wash Gulf croake~ 
mince. They applied two washing 's tages with water to mince ratio 
of 2:1 in the first stage and 1:1 in the second stage. The excess 
water was expressed out manually through a cheese cloth. 
The washing removes blood discolouration and effectively 
lightens the colour of mince from cod frames (Ravichander and Keay, 
1976). Dkada et al. (1973) and Miyauchi £1 al. (1973) attribute 
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the improvement to the ability of the water to remove not only 
blood but flesh pigments, mucus and some of the fat. Bligh and 
Regier (1976) report adverse protein losses of up to 25% during 
the washing. Drews (1976) is of the view that the washing of 
mince has other adverse effects of removing some flavours and 
changing the texture of the product. 
However, the texture of the mince is affected by the flesh 
separation process even without washing. Howgate (1976) shows 
this to be the case for cod, a lean fish but the texture of 
herring, a fatty fish, does not seem to be affected by the mincing 
process. 
b) Whitening of Mince 
It is generally accepted that colour plays an important role 
in the acceptability of a food. In an effort to utilize fish mince 
to produce fish fingers for the British market, where the public 
are used to white cod fingers, the possibility of whitening the 
mince has been studied by various workers. Bremner (1978) refers 
to costly imitations of cod. Ravichander and Keay (1976) report 
effective masking of the colour of mince using 5% "prolite", a 
vegetable whitening agent. Panrrell (1976) incorporated various 
levels of "prolite" ih the preparation of products from coley an~ 
cod head meat. "Prolite" is said to be effective by reducing the 
effect of remaining blood that might discolour the product. 
Hydrogen peroxide (H2D2 l, a bleaching agent, has also been 
used to lighten the colour of fish mince. Ravichander and Keay 
- · 22-
·(1976) mixed fish mince with large volumes of dilute {0.75%) 
solution of H2o2 in alkaline (pH 10.7) medium. The excess H2D2 
was removed using citric acid and sodium sulphite solutions. 
They also carried out similar trials using sodium percarbonate 
solution containing oxygen. H2o2 and sodium percarbonate had a 
marked whitening effect on fish mince. However, the treated 
minces had unpleasant flavours and texture. James and McCrudden 
(1976) report that H2D2 is most effective at optimum conditions 
of pH 10.5, temperature range of 15°C to 20°C and 15 minutes 
contact time for a 0.85~ H2o2 solution. Young et al. (1980) 
found that dilute solutions of H202 (0.75%) had a whitening effect 
in alkaline (pH 9-11) and acid (pH ·Z-5) ranges. They also found 
that although H2o2 had little oxidizing effect on the lipids in 
the fish, it marketedly increased protei~ losses. This is thought 
to be due to insolubilization of protein and the loss of amino 
acids cont~ining sulphur. Rasekh ~al. (1972) working on Fish 
Protein Concentrate (FPC) report similar findings and they are of 
the view that H202 concentrations greater than 1.25~ break down 
sulphur amino acids and thus lower nutritive quality of FPC~ 
Sims ~~· (1975) found that H2o2 had preservative and whitening 
effect on mari~ated herring without increasing oxidative rancidity. 
2.4.1.4 Use of Other Additives in Mince 
There are many additives that can be incorporated in fish 
mince to give a number of desired effects. 
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a) Polyphosphates 
Where fresh fish mince is to be preserved by refrigeration 
polyphosphates may be incorporated and their reported effects 
include in~reasing water holding capacity (WHC) and improving 
texture. Bennett {1976) describes the nature and action of 
polyphosphates in protein systems. He also elaborates on their 
effect on texture, WHC, and their sequestering ability of removing 
metal ions and contributing to oxidative stability of the fish 
mince. This sequesterant action of polyphosphates can lead to 
improved bleaching effect when used in conjunction with H
2
D
2
• 
The action of polyphosphates may be enhanced when used in 
conjunction with small quantities of salt (NaCl). Christians 
( 1977) repa,rts th~t less than 1 o/e NaCl improves the texture of 
fish mince ~roducts although salt water may dissolve out myos in, 
a salt-soluble protein (Tanikawa, 1963 ) . King (1976, 1977) also 
cautions against possible undesirable effects of NaCl and he points 
out that contrary to general beliefs polyphosphates may contribute 
to the development of undesirable texture. 
b) Anti-oxidants 
Where fish mince preservation may lead to the development of 
oxidative rancidity, anti-oxidants can be incorporated to minimise 
oxidation. The possible anti-oxidants that could be used are 
butylated hydr~xyanisole (BHA ) , tert-butyl hydroxyquinoline (TBHQ), 
~ropyl gallate (PG) and butylated hydroxytoluene (BHT) (King, 1976). 
These may be simply added during the production of the mince but 
sometimes complicated steps may be required with specific pH media 
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and a number of compounds being used in combination (Moledina 
~al., 1977). 
Alginates 
Wylie (1976) describes the use of alginates in combination 
with sodium tripolyphosphate and salt to produce reformed fish 
products from mi nces. Alginates gel and when calcium salts are 
introduced the gels set giving .products of desired shape or e ven 
forming layered products that lend thems elves to mechanical 
handling. 
Keay and Hardy (1978) report favourably on alginate 
incorporated products being easy to handle irr refrigeration and 
in cooking. 
Role of Flesh-bone Separators 
2.4.2.1 In Developed Courntries 
In the industrialised coun~ries flesh-bane separators are 
used to recover fish flesh from filleting waste. Recovered fish 
flesh yields of 10-12~ (based on whol e fish) have been reported 
for cod and the mince may be almost bone-free (Ravichander and 
Keay, 1976; Burgess, 1976; Anon, 1980). As the mince bears no 
resemblence to the fish species, hitherto under-utilized fish are 
harvested and the mince transformed into cheaper products that can 
be consumed (King and Carver, 1970; Rekhina, 1974; Regenstein~ 
1980). Various products have been developed and those reported 
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in the literature include fish blocks as starting material for 
chowders , fish cakes, frankfurters, surimi (product for the 
Japanese kamaboko) croquettes, casseroles and Danish "fur" 
(Carver and King, 1971; Steinberg ~al., 1977; Herborg, 1977; 
Blackwood, 1974). 
The properties of fish mince that have favoured its extensive 
use in the developed countries are ably reviewed by Steinberg 
(1975). He points out that besides the increases in fish flesh 
yields, the mechanism of flesh-bone separation has a fractionati on 
effect on the product depending on what is desired, i.e. low 
e xtraction pressure gives a light coloured meat whereas ma ximum 
pressure gives a blerrd of light a nd ct·ark meat of the fish used. 
The physical nature of the mince makes it possible to control: 
a) succulence of the whole product, by adding such 
compounds as s odium tripol yphos phate which can be 
evenly distributed in the product; 
b) texture, by varying t he drum perforations to give 
the desired particle size or by blending minces from 
fish species with different physical properties; 
c) flavour, by the addition of natural or artificial 
flavours. 
Steinberg (1975) is of the view that reduced particle s ize 
of the flesh allows greater penetration and effectiveness of 
stabilizers including anti-oxidants . However, the comminution 
process itself may favour oxidation through better mixing of haem 
protein compounds in fish tissue (Cale and Keay, 1976). 
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Fish minces give the consumers in the developed nations a 
larger variety of existing products such as fish sticks and 
portions. 
However, before consumption~ most of these mince products 
require some form of refrigerated storage which is available 
in the distribution network. 
2.4.2.2 In A Developing Country 
In a developing country like Uganda, where there is no 
refrigeration in the fish distribution network (Dhatemwa, 1975) 
the products outlined in sectiorr 2.4.2.1 are unsuitable even if 
they were to be accepted. Fish mince in such countries has to 
be preserved in such a way that it can be handled for long periods 
(up to several weeks) at high ambie nt t emperatures (up to 30°C) 
before consumption. Simple methods of preservation, requiring 
little technology and low investment costs are required. Salting 
is one such process and rapid salting techniques for fish minces 
have been developed by various workers (section 2.4.3). 
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2.4-3 The Salting Techniques for Fish Mince 
There are basically two conventional methods of salting fish, 
viz. wet and dry salting depending an whether brine or dry salt is 
applied to the fish. The process, for example of dry salting of 
cod, may last for several months (Burgess et~., 1965). The dry 
salting of whole Haplochromis has been reviewed in Section 2.3.5. 
The salting of fish mince has been investigated by various workers 
and rapid salting techniques have been developed to allow maximum 
salt penetration before spoilage sets in. 
2.4 .3.1 Dry Salting of Mince 
Del Valle and Nickerson carried out investigations on the 
salting and drying of fis~ and published papers on the equilibrium 
considerations, the dynamic as~ects, and the diffusion of water 
(Del Valle and Nickerson, 1967; 196Ba). From their investigations 
they developed a quick salting technique for fish mince and this 
work is reported in a series of articles (Del Valle and Nickerson, 
196Bb; Del Valle and Gonzalez-Inigo, 1968; Del Valle, 1974). 
The quick-salting process essentially consists of mixing dry salt 
with the mince which by its fine structure has a large surface 
exposed to the salt to reduce diffusion distances. The quantity 
of salt used is predetermined with optimum amounts being required 
to form coherent cakes as well as maximum water withdrawal from the 
mince tissue. The excess water released from the tissue is pressed 
out and the salted mince moulded into cakes. The processed cakes 
can be sundried or dried artificially and can keep at the ambient 
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temperatures of the tropics without refrigeration. The products 
can be used after a simple process of desalting by i~ersing in a 
series of boiling water volumes. The process is suitable for 
adoption in developing countries and a pilot plant was set up in 
Mexico (Del Valle ~al., 1973). 
Similar products are reported by Bligh (1977) e xcept that 
.. 
here the mince was allowed to stand in its brine at an elevated 
temperature (not specified) before pressing out the excess water. 
Young~~· (1979) have made salted fish cake from shrimp by-catch 
by heating the salt/ fish mix at 70°C for 2 hours, which facilitated 
water removal and eliminated the pressing process by the Del Valle 
and Nickerson method . Poulter and Disney (1977 ) investigated the 
production of salted cakes and powder and their work included 
tr~pical freshwater fish chambo (Tilaoia lidole) and chisawasa wa 
(identified in their report as Lethrinops sp~.). Partly cooked 
whole and ungutted chisawasawa was used in making fish mince that 
was dried into a fish powder . Modelina ~al. (1977 ) modified 
the Del Valle and Nickerson method to produce salted fis h cakes 
from flounder. 
2.4.3.2 Wet Salting 
Anderson and Mendelsohn (1972) and Mendels ohn (1974a, 1974b). 
describe a rapid salting techniqu'e which, under experimental 
conditions, involved the grinding of fish flesh in saturated brine 
containing excess salt. The ratio of mince to saturated brine to 
excess salt was 4:4:1 (weight :volume:weight respectively). On a 
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commercial scale fish mince is used . After compl ete salt 
penetration (5-15 mi nutes) excess water is r emoved t hroug h a 
cheese cloth without pressing. The product is dried mechanically 
or in a vacuum drier and then packed in a vacuum and protected 
from light sources. The dried product can be re-hydra t ed by 
bringing to the boil in water and excess water discarded. The 
rehydrated mince can be converted into fish/ potato cakes. In a 
review, Mendelsohn (1974c ) compares this wet salting method with 
the dry salting method of Del Valle and Nickerson ( 1968b ) and 
outlines the advantages of the wet salting method . One serious 
disadvantage of the Del Valle and Nickerson product was oxi dative 
rancidity due to exposure to metal catalysts during pressing a nd 
drying in air. The wet salting technique, on the other hand, is 
very rapid as all mince surfaces are brought into immedia t e 
contact with brine. The brine also excludes oxygen f rom the 
mince while the final product is packed in vacuum ; both measures 
reduce oxidative rancidity . Dxidative rancidity was report ed in 
the salted cakes made by Poulter and Disney (1977) while Del Valle 
(1974) found that rancidity in his products varied with the .oil 
content in the fish species used. However, he notes t hat some of 
the rancid components are removed during desalting. 
Rancidity is the development of an off-flavour due to oxidat i on 
of lipids, mostly unsaturated fatty acids, in the food. The proces5 
is complex and the mechanism is adequately covered by labuza and · 
Dugan (1971). It is affected by temperature, oxygen tension, water 
content, type of substrate and presence of catalysts that release 
free radicals. The overall process of lipid oxidation can be 
represented by a flow diagram (page 30), (source Labuza and 
Dugan, 1971). 
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2.5 Worms and Micro-organisms in Fis h Minces 
2.5.1 Worm infestation and Fish products 
Fish may be parasitised by worms which may end up in the 
processed products. These parasites may be tape worms (Reichenbach-
Klinke and Negele, 1971) but often the infestation is by nematodes. 
Wooten and Cann (1980) report on the "cod worm" ( Phocanema decipiens ) 
and the "herring worm" (Anisakis simplex) which are common on the 
British market. The occurrence of nematodes in mar ke t fish has been 
reported for other areas. Jackson ~al. (1978 ) report on nema t ode 
occurrence in fresh market fish in Was hington, D.C . , while Myers 
(1979) gives similar findings for the Pacific Coast of the United 
States. Wirtz and Schreiber (1980 ) report on heavy nematode 
in~estations in blue whitirrg. 
The nematodes are found in the gut and gut cavity of the fish 
but may migrate into the flesh of the fish (Wootten and Cann, 19 80 ) 
even after the fish have been caught (Myers, 1979). However, f or 
the most part the worms are concentrated in the gut. Bussma~n and 
Ehrich ( 1979) found the concentration of nematodes in blue wh i ting 
to vary by 125 to 10 to 1 in the viscera, belly flaps and flesh 
respectively. Consequently gutting and removal of belly flaps will 
reduce nematodes in the preparation of fillets (Wootten and Cann, 
1980; Wirtz and Schreiber, 1980). However, it is impossible to · 
eliminate all the worms that may be in the flesh even by candling 
and other physical inspection methods and as reported by Wirt z and 
Schreiber (1980) attempts to use chemical methods of separation 
have not been successful. The difficulties involved in r emoving 
the nematodes has led to the tolerance of worms in fish products 
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and Wootten and Cann (1 980 ) , give a maximum of 5 worms / kg of 
fish as t he limit set by Codex Alimentarius. 
The author is not aware of any reports o~ worm infes t ation 
of Haplochromis spp. but in view of the points i n the abov e two 
paragraphs any infestation is bound to be transmitted to mince. 
There is, consequently, an aesthetic and public health concern and 
here, again, comparison can only be drawn from published data on 
infestation in other types of fish. 
Fish may be intermediate or definitive hosts to tape wo r m 
parasites and infective stages may be larval or plerocer coid but 
only Diphyllobothrium latum matures in man ( Ruite nber g ~ al.r 
1979). This is a well known tape worm which is pa thogenic t o man 
and is acquired through consumption of insuffici ently cooked, 
mostly fresh-water, fish. 
Fish nematodes are in the family Anisakidae compris ing 30 
genera but only four genera have been associated with di sea se i n 
humans (Myers, 1979, 1975 ) . These are Anisakis, Contracaecum, 
Phocanema and Porrocaecum and the infective stages are lar val 
although infective eggs of some nematodes (Capillaria philippinensis) 
' 
have been reported (Ruitenberg ~al., 1979). The diseas es from 
nematodes are associated with c onsumption of uncooked or i nsuffi ciently 
cooked or lightly marinated fish (Wootten and Can~, 1980; 
Ruitenberg ~al., 1979; Jackson, 1975). Ruitenberg ~ ~· (1 979 ) 
give the pathological ef fects of worm parasites on th e victims. 
The process of. mincing does not get rid of the worms that may 
already be in the fish. Bligh and Regier (1976) found that 85-90% 
o.f the cod worms in the fish remain in the mince and so% of the 
worms in the flesh remain intact. 
Pathogenic nematodes can be reduced by gutting and immed i ate 
processing of fish on board fishing vessel but this will not 
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eliminate them (Jackson, 1975; Myers, 1979). The most effective 
method of control is by freezing the fish (Jackson, 1975; 
Ruitenberg, 1979). On a small scale proper cooking can kill al~ 
the parasites (Wootten and Cann, 1980). 
2.5.2 Micro-organisms in Minced Fish 
The physical process of flesh-bone separation creates 
favourable conditions for the growth of micro-organisms. Firstly 
the disruption of cellular structure releases the growth nutrients 
and secondly the increased surface area may lead to better 
dispersion giving higher counts than for unminced fish (Raccach 
and Baker, 1978; licciardello and Hill, 1978; Baker~ al., 
1977). The production of a good quality mince requires good 
quality fish with low initial loads of microbes and with good 
manufacturing practice high quality products can be obtained 
{Blackwood, 1974). 
The salting process is used in prolonging shelf life of 
foods and this is achieved through salt slowing down and preventing 
bacterial growth (Burgess ,Sti .s.J..., 1965). However, if contaminated 
salt is used it may introduce salt tolerant microbes or where 
clean salt is used the salt tolerant microbes already present in the 
mince will survive or· even grow. Varga et al. (1979) found that the 
stability of quick salted products made from minced fish was a 
direct reflection of the initial quality of salt used. 
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2.6 The Present Work 
The review of literature has shown that Lake Victoria has 
large stocks of Haplochromis spp. which, under proper management, 
can be continuously harvested. 
As there are no refrigerated facilities for t he distribution 
of fresh fish in Uganda, the effective utilization of these fish 
stocks requires that the ~hole catch be processed such that it 
can be stored and distributed at ambient temperatures. By 
converting fish into mince, the whole catch can be utilized 
without distinction of size, colour or species and a simple method 
of preserving the mince would then provide the much needed protein 
food to populations distant from the lake. 
The objective of this study is to convert Haplochromis into 
mince that can be rapidly salted and moulded into fish cakes which 
can then be stored and distributed at ambient temperature. 
Before work on Haploc hromis was attempted, preliminary work 
was carried out on easily obtained fish such as coley , haddock, 
mackerel and herring in order to establish flesh-bone separator 
par ameters . 
In the study on Haplochromis spp. investigations cover: 
1) the process of fish mince production and the 
determination of optimum yield levels; 
2) the salting process and optimum salt ratios; 
3) the evaluation of the mince with regard to 
chemical composition; 
4) the storage of the fish cakes with regard to 
microbial changes; 
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5) subjective evaluation of the stored fish cakes 
with regard to appearance, odour, texture, 
taste and rancidity. 
, 
3. EXPERIMENTAL 
I 
I 
I 
I 
I 
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3.1 Materials 
3.1 .1 Fis h and Salt Samples 
Haplochromis spp. were supplied by the Fisheries Department 
of the Uganda Government. The fish was caught by trawling between 
Ndsazi and Kitubulu {Entebbe area) in Lake Victoria. The fish 
was frozen on land, packed in insulated carton boxes before being 
air-freighted to Grimsby. The four batches received were in 
good condition except for the third batch that was slightly "off" 
{spoiled) and therefore only used in yield determinations. The 
fish was kept frozen, and then thawed by leaving at room 
temperature overnight before use. 
Fresh mackerel {Scomber scombrus), coley {Pollachius virensl, 
herring (Clupea harengus) and haddock {Melanogrammus aeglefinusl 
purchased from Grimsby fish market were used in preliminary 
determinations of yields from the flesh-bone separator. 
Food grade salt used in processing the mince was pure dried 
vacuum salt manufactured by British Salt Ltd., Middlewich, United 
Kingdom. 
3.1.2 Equipment 
The following major pieces of equipment were us ed in 
experiments . 
a) The flesh-bone separator was a Baader 694 manufactured 
by Nordischer Maschinebau Lubeck, West Germany. 
Supplied with the flesh-bone separator were two drums 
with 3 m~ ·and 5 mm diameter perforations. 
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b) The vacuum sealer was t ype SA-00 made by 
Vaessen-Schoemaker Engineering, B.V. Holland. 
c) The hand sealer was the portable type made by 
N.V. Machinef Abriek, Wormer Holland. 
d) Fish cakes were moulded from a simple kitchen 
hamberger press 10 cm diameter. 
e) Three different homogenisars were used.A Colworth 
Stomacher 400 (supplied by A.J. Steward, UAC House, 
London) was used for microbiological samples. ln 
fat extraction a bench MSE homogeniser and . an 
Ultra-turrax type TP-18/ 10 made by Junkie & Kun kel, 
Germany were used. 
f) A reflectance spectrophotometer Model A (Evans 
Electroselenium Ltd.,) was used in conjunction with 
a earning eel (Uni gal vo ) galvanomet er calibrated 
from 0 to 100 to measure the mince colour. 
3.1 .3 Other Materials 
Vacuum pouches (produced by DRG flexible Packaging) were 
made of cellulose MXDT/A (coated on outside only with 
) .-2 polyvinylidene 35g m. laminated to low density polyethylene 
46g m-2 
low density polyethylene 3S.Sg m-2 was used to make 
ordinary pouches. 
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3.2 Methods 
3.2.1 Production of Fish Mince 
3.2.1.1 Yield Determinations 
Fresh coley (f. virens), mackerel (~. scombrus ) and haddock 
(~. aeglefinus) were split dorsally, gutted, washed and then 
presented randomly (cut surface or skin surface facing the drum) 
to the flesh-bone separator . (Baader 694) using 3 mm and 5 mm 
drum perforations. The yields were calculated from the weights 
of the recovered mince and residues {which included bones, skins, 
fins and scales) and these were expressed as proportions of the 
material fed into the Baader 694. 
Haplochromis spp. were "nabbed" (i.e. beheaded and gutted) 
and the carcasses ~resented to the Baader 694 using the 3 mm and 
5 mm perforated drums and yields calculated as above. Similarly 
whole washed Haplochromis were fed into the Baader 694 and the 
yields determined. 
In all operations of flesh-bone separation the belt tension 
was kept in the same position (the second notch from left of 
machine). 
3.2.1.2 Washing of Mince . 
a) Water sprays were applied to the min~e during the 
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deboning process. This was an adaptation of the 
method described by Ravichander and Keay (1976). 
In the investigations method (a) was used only 
where specified. 
b ) An alternative method was by agitating the mince in 
chilled tap water in ratio of 2:1 (water/mince) by 
weight, allowing it to stand 'for 10 minutes before 
draining excess water through cheese cloth. The 
process was repeated up to 5 washings. This was a 
modification of the methods (sometimes used in 
washing fish mince to prepare Kamaboko as) described 
by Kudo ll &· ( 1973), Miyaochi et al. ( 1973), 
Miyauchi et~· (1 97 5) and Ravichander and Keay (1976). 
Tableros and Young (1981) workin g independently of 
the investigations reported here adopted a similar 
procedure of washing mince from Mexican shrimp by-catch. 
c) Colour measurement was carried out on samples of mince 
after successive washes. The brightness of the samples 
was compared using an Eel Reflectance Spectrophotometer. 
Reflectance was taken at 457 nm (using Ilford 602 filter) 
and taking a magnesium carbonate (MgC03 ) slab as tOO% 
and a blackened match box as D% on the galvanometer scale. 
d) Solids in wash water. A known volume of waste water 
after each washing of mince was evaporated in an 
evaporating dish to constant weight and the residue 
weighed. 
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3.2.1.3 Bone Content 
Determination of bones in mince was by gravitational 
3 flotation. 100g mince was macerated in 50Dcm water in a 
2 speed Waring blender with the blades fixed in reverse position 
(to reduce bone fragmentation). The blending was for 60 seconds 
at the lower speed. Tap water was then allowed to run freely 
into the jar (at a rate of 4.55 litres/min) until the water was 
free of floating fish particles. The sediments were weighed 
after drying on paper towels and/or in an oven. This method was 
adapted from that described by Patashnik ~al. ( 1974a, 1974b). 
3.2.2 Chemical Determinations 
3.2.2~1 Moisture was determined by the EEC recommended method 
- ISO R.1442-1973 (Commission of the European Communities, 1979 ) 
and the determinations were carried in duplicate. 
3.2 .2 .2 Crude Protein was determined by the macro-Kjeldahl method, 
an EEC recommended method ISO R 937-1969. The determinations 
were carried out in duplicate. Crude protein was calculated by 
multiplying the% nitrogen by a factor of 6.25 (Lakin, 1978). 
3.2.2.3 Lipid Content 
Fresh and dried samples had total lipid contents determined 
by a modified Bligh and Dyer (1959) method SWH 1080 (Grimsby College 
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of Technology, 1980). 
Ash Content was determined by the Official Method 
31.012-Method 1 (AOAC, 1970). 
3.2.2.5 Salt Content 
a) Ash frow 3.2.2.4 was dissolved in water and made up to 
3 3 200 cm • 5-10 cm of solution was titrated against 0.1M 
AgNO using potassium chromate as indicator (Pearson, 1976) . 
3 
b) In the desalting of the fish cakes the recovered solution 
was titrated directly against 0.1M AgN03 using potassium 
chromate as indicator. Blanks were carried out on equal 
volumes of tap water. 
3.2.2.6 Peroxide Value 
A lipid extract was obtained as in 3.2.2.3. 20 cm3 of the 
chloroform extract was used and the determination carried out as 
in Method 12 described by Pearson (1968). · Peroxide values w~re 
calculated as milli-equivalents (m£q) of oxygen per kg of dried 
salted mince. 
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3.2.3 Microbiological Determinations 
a} Total Viable Counts (TVC) Sg of sample was homogenised 
in 45 ml ringer using Stomacher, appropriate serial 
dilutions made and surface plated on Plate Count Agar the 
incubation being at 25°C and/ or 37°C for 48 and 24 hours 
respectively. 
b) Staphyllococci: serial dilutions from 3.2.3 (a) were 
surface plated on Baird Parker medium and the incubation 
was at 37°C for 24 hours. Suspicious colonies were sub-
cultured for 24 hours on nutrient agar slope and a 
coagulase test was carried out on rabbit plasma (Wellcome 
Reagents Ltd.) 
cl Salt tolerant micro-organis ms : serial dilutions fro~ 
3.2.3 (a) were surface plated on nutrient agar + 10% NaCl 
and the plates were incubated at 37°C for 24 h . 
3.2.3 (a), b) and cl above were modifications of methods 
used by Del Valle (1974). The microbial growth on the plates is 
from individual or groups of microbes and is referred to in the 
text as colony forming units (CFU). 
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3.2.4 Sal ting of Mince 
3.2.4~1 Dry Salting of Mince 
Washed mince was mixed thoroughly with dry salt in 
concentrations expressed as % salt (weight of salt as percentage 
of fresh mince)~ the mixture was a llowed to stand for 15 minutes 
and excess liquor was expressed through cheese cloth without 
extruding the mince. 100g of salted mince was moulded into fish 
cakes using a kitchen hamburger press. This procedure was a 
modification of that developed by Del Valle and Nickerson 
(Del Valle and Nickerson, 196Ba; Del Valle and Gonzalez-Inigo, 
1968; Del Va11e, 1974). 
3.2.4.2 Wet Salting of Mince 
Washed mince was mixed with saturated brine containing 
excess salt. The ratio of mince to saturated brine to excess 
salt was 4:4:1 (weight:volume:weight respectively). The miX'ture 
was allowed to stand for 5 minutes and excess water drained through 
a cheese cloth. The salted mince was then spread on grease-proof 
paper. This method was a modification of that developed by 
Anderson and Mendelsohn (Anderson and Mendelsahn, 1972; Mendelsohn, 
1974a, 1974b). 
3.2.4.3 Drying the Salted Pxaducts 
Fish cakes placed on plastic screens~ and brined mince spread 
on grease-proof paper were dried in circulating air in a Mini-Tarry 
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3.2.4.4 Desalting 
Fish cakes were desalted by soaking in tap water (in ratio 
of 1:10 fish weight/water volume) for 30 minutes. An equal 
volume of fresh water was then used to boil cake for 15 minutes 
(Young~ al., 1979). 
3.2.5 Storage Trials 
Twelve (12) salted fish cakes (from Haplochromis mince ) 
were individually sealed in vacuum pouches (VP). Twelve (1 2) 
fish cakes were individually packed in low density polyethylene 
bags without excluding air (LOP) and twelve (12) cakes were left 
unpacked (UN). All the cakes were placed in the same cardboard 
box and kept at ambient conditions in the laboratory (about 20°-25°C ) . 
Weekly analyses were carried out on one cake from each lot to 
determine moisture, salt content and peroxide value. Microbiological 
(Section 3.2.3) and taste panel assessments (Sectio~ 3. 2 .6) were 
carried out on the same samp1es. 
3.2.6 Taste Panel Assessment of Fish Cakes 
Desalted samples from 3.2.4.4 were cooked and served hot in 
shallow dishes using abstract identification symbols ( ~,(),Cl 
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The identification symbols were randomly varied. 
The samples were served to an "expert taste panel" of four 
judges consisting of two students and two members of staff of 
Grimsby College of Technology . The criteria used for their 
selection was their previous experience in such work and the 
results of preliminary taste sessions. The judges were requested 
to assess the samples and give scores ranging from 1 to 5 with 
the mid-point score (3) being regarded as satisfactory except for 
the rancidity where a 0 score was ideal and 5 was undesirable . 
The parameters assessed included appearance, odour, taste (salt, 
rancidity, fishy taste) and texture . A simpl e description of the 
qualities being investigated was included on the taste panel 
score sheet (attached as Appendix I). Water was used to clear 
the mouth of any carry-over tastes and the tasting was done just 
before the mid- day meal break . The three samples were presented 
to the panellists at the same time and no more than 3 samples were 
tasted on any one day. 
4. RESULTS 
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4.1 The Production of Mince 
4.1.1 Parameters of Flesh-bone Separator 
Table 11 shows that the 3 mm drum has less open surface area 
available. for extruding the fish flesh than the 5 mm drum. But 
the total circumference of the 3 mm diameter perforations is more 
than that of 5 mm diameter . 
Table II Physical Properties of Drum( 1 ) 
Flesh-bone Separator 
Perforation Parameters 
Number 
Area (cm2 ) 
(Area of solid surface-cm2 ) 
Circumference (cm) 
Diameter 
3 mm 
4960 
351 
(818) 
4675 
Perforations of 
of Perforations 
5 mm 
2480 
487 
(682) 
3896 
Note : (1) Each dru~ length 20.5 cm, circumference 57 cm . 
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4.1 .2 Mince Yields from Some Common Fish 
Table III shows that the mince yield from coley is higher 
than that from haddock regardless of the difference in the 
diameters of the t~o perfqrations. But for haddock alone the 
3 mm drum gives a higher mince yield than the 5 mm drum while 
for coley the 5 mm gives a higher yield than the 3 mm drum 
although both types of fish can be considered lean. For the 
fatty fish, mackerel gives a higher mince yield than herring 
using the same (5 mm) drum. 
4 .. 1 .3 Mince Yields from Haplochromis spp. 
Table IV shows that ungutted Haplochromis gives a higher 
yield than that which is 11 nobbed 11 • However, the 5 mm drum gives 
a lower yield than the 3 mm drum for the ungutted fish. 
4 .. 1 .4 Mince Yields and Worm Content of Four Batches 
of Haplochromis 
Table V shows unwashed and washed mince yields obtained from 
four batches of Haplochromis. The mean yield of unwashed mince 
is 69.1% which on washing is reduced to 37.3% of the raw material. 
The maximum capacity of the flesh-bone se~arator is 400 kg of raw 
material per 'hour and the washing time recorded was for one person 
to carry out the threi washing operations. 
The worms were of two types as identified at the British 
Museum (Natural History) London by Gibson (1980) as: 
Table Ill Mince Yi elds from Different Fish 
Haddock 
Drum perforations 3 milT' 5 mm 
a) Weight of whole f i s h 
gutted by spl itting open 
dorsally (kg) 4.83 4.88 
b) Weight of Mince (kg) 3.36 3 . 25 
c) Weight of Residues (kg) 1.12 1.27 
d) Mince as % of a) 69.6 66 . 6 
e) Residues as % a) 23 . 2 26.0 
Total % Recovery a) + b ) 92.8 92 . 6 
Notes: (1) Mince yields f or 3.59 kg skin-on fillets . 
(2) Mince yields for 3.19 kg skin-on fillets. 
Coley Mackerel Herring 
3 mm 5 mm 5 mm 5mm' 
4.73 4.88 5.26 4.88 
3.71 4.71 4 . 00 3. 25 
0.84 0.97 
- -
78.4 80 . 1 76 . 0 66 . 6 
(85.2)( 1 ) ( 78 . 7) ( 2 ) 
17.8 16.5 
- -
96 . 2 96.6 
- -
- 49 -
Table IV ( 1 ) Mince Yields from Nabbed and Ungutted Hao l ochromi s spp . 
Parameter Nob bed 
( 3 mm drum) 
Weight of whole 
Fish (kg) 17.37 
Wt . of heads (kg) 6.57 
(37.8) 
Viscera (kg) 1.32 
(7 .s) 
Wt .. of gutted 
carcass (kg) 9.49 
(54 . 6) 
Wt. of Mince (kg) 6.55( 2 ) 
( 37. 7) 
Residues (kg) 2.16 
(12.4) 
~ Total Re covery 
Mince + Residues so .1 
Time( 3) of nabbing 6t hrs 
Notes: ( 1 ) Figures in bracket i ndicate 
( 2) Mince r ecovered from gutted 
( 3) Time f or one person. 
Ungutted 
(3 mm drum) 
24 . 60 
17.01 
( 69 . 1 ) 
6 . 38 
(25.9) 
95.0 
percentage 
carcass. 
Ungutted 
(5 mm drum) 
12 . 78 
8. 11 
(63.5) 
3.98 
(31.1) 
94.6 
of whole fis h. 
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a) Nematodes - Third stage larvae of 
(i) Contracaecum sp. an anisaki"e 
(ii) Eustrongylides sp. 
b) Cestodes - larvae of Ligula intestinalis 
( Linnaeus, 1758) • 
The nematodes were the most common and were found even in 
washed mince. The cestades were very rare and not more than 3 
were found in each bate~ and none was found in the washed mince . 
~ ~-------------
-- -- -------------------
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Table V Mince Yields and Worm Content of 4 Batches of Haplochromis( 1 ) 
Date Batch Received 
Parameter 
29.10.80 3.11.80 4.12.80 24.2.81 
a) Weight of 
whole fish (kg) 14.25 11 .06 15.36 27.29 
b) Weight of 
unwashed mince 
(kg) 9. 71 7.84 10 . 37 19.01 
c) Calculated time 
of mincing (minutes) 2 . 1 1.7 2 . 3 4 . 1 
d) b ) as ~ of a ) 68.1 70.9 67 . 5 69 .7 
e) Residues (kg) . 3.95 3.25 4 . 44 7 .54 
f) e) as 'f. of a) 27.7 29 .4 28 . 9 27-6 
g) Mince after 3 
washes (kg) 5.73 3.93 6 . 02 9 . 32 
h ) Time taken to 
wash mince (minutes) 45 40 45 90 
i) Was hed mince as 
'f. of a) 40.2 35.5 39.2 34.2 
j) Worm content 
( No. / kg mince) 19 38 11 39 
Note : ( 1 ) Drum perforations 3 mm diameter. 
I 
I. 
I 
I 
I 
I 
Toblo VI [ffect of 5 Woabings on tho Composition of Hoplocbrumip Mince 
Pora111ater 
Mois ture Content111 ~ 
Crude Protein(!) ~ 
Aahll) ~ 
Total Viable Coun~ 
cru/9 zs0 c 
Jl°C 
Number of worms/kg 
Reflectance as j 
Brightna .. (ll 
Unguttad fbh 
Gutted fieh Mince 
Batch 
Batch 2 
D 
79 . I I 
(0. I J) 
12.51 
(0.15) 
50.89 
1.02 
(0 .04) 
36 
10.0 
10.71) 
12.1 
(O.J4) 
ts.2 
(0.551 
85 . 1 J 
(0.40) 
10.67 
(0.461 
.lLli 
1 .13 
39 
tz.o 
(0.55) 
U.6 
(0.51) 
15.4 
(0.90) 
Number of times Mince is washed 
2 J 
85.21 64. 7l 
(0.55) (0 .08 ) 
10,00 9.88 
(0.'2) (0.68) 
.u..u .i!sl.Q 
0.76 0.94 
(0,16) (0,31) 
1. 0x104 t.J ... t04 
7 .Dx103 6.7xt03 
58 )J 
\7.4 19.4 
(0.55) (0.551 
16.4 18.5 
(0.56) (0.581 
16.4 19.0 
(0.55) (0.711 
Notael (tl figuree ere the aeon of duplicate• with correepondin~ figuree in bracket• • • the range . 
(21 Crude Protein on dry weight beaie. 
(3) figuree aeen of 5 readings with corresponding figure• in bracket ae Standard deviation. 
I 
4 s 
at. 74 81 . 31 
10.10) (0 . 47) 
12.71 11 . 99 
(0 . 15) (0.62) 
i2..:.il ~ 
1.\3 1.19 
(0.15) (0 .06) 
2.0)(104 6.0Kt03 
J.5xt03 4.2xt01 LTl 
N 
35 50 
22.4 23.6 
(0.89) (t .52) 
19.7 21.0 
(0.86) (0.4AI 
19.8 20.4 
(0.45) (0.55) 
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4.2 The Washing of Mince 
4.2.1 Effect of 5 Washings on Mince 
Table VI gives the effect of washing on the composition of 
mince. There is an increase in moisture on washing the mince 
and a variation in protein content on a wet weight basis. 
Washing reduces the Total Viable Colonies by a factor of 10 
but there is no apparent effect on the worm content. The colour 
change of washed mince is illustrated in Plate II and the 
Reflectance readings in Table VI. 
4.2.2 Washed Mince from Different Drum Perforations 
Table VII shows the composition of washed Haplochromis 
mi~ce from drum perforations of 3 mm and 5 mm diameter. Washed 
mince has higher moisture but lower lipid content than the unwashed 
mince while the 3 mm drum perforations give a mince with higher 
moisture content than the 5 mm perforations. 
4.2.3 Weight losses During Washing 
Table VIII shows the weight losses f rom washing two batches 
of Haplochromis mince. 
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Plate 11 The effect of washing on the colour of the Mince. 
H A p L 0 c. t+(). 0 lVI I s ! f (> 
&o."der 66f lf 
Ul'\W O. JheJ 
tfl..<.n<:.Q 
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Table VII Composition of Haplochromis Mince from different dr um 
oerforations 
(Batch rece i ved on 19.10.80) 
No. of ~Jeight in g/100g of Min.ce from 
Parameter 
samples 3 mm drum 5 mm dr um 5 mm drum 
Unwashed Unwashed Washed( 1 ) 
Moisture 5 78 . 29 77.39 81 • 61 
(0.15)( 2 ) (0.32)( 2 } (0.34)( 2 } 
Crude Protein 2' 14 •. 40 14 . 29 12 . 99 
(0 .37 ) ( 0.6 8) (0.36) 
Lipid 2 5 . 68 5.51 3 . 39 
(0 . 02) (0.02) (0 . 38) 
As h 2 1. 21 1. 85 1.26 
(0 . 09) (0.14) (0 . 08) 
Total 99 . 58 99 .04 99 . 25 
Notes: (1) Mince washed only 2 times with chilled water . 
( 2) Standard deviation·, other fi gures in bracket 
represent range . 
Table VIII 
Batch 
1 
ll 
Weight losses during washing 
Parameter 
Weight of Mince kg 
% of Mince 
Weight of Mfnce kg 
% of Mince 
0 
5.0 
100 
21.0 
100 
4.3 
86 
17 .o 
81.0 
No. of Washings. 
2 
3.51 
70.2 
15.0 
71.4 
3 
2.95 
59.0 
12.0 
57 . 0 
4 
2.74 
54.8 
5 
2 .U 
48.8 
Ul 
0'\ 
57 -
Figure 4 Comparison of yields of Haplochiomis Mince from ~ nabbed'' 
and whole ungutteo fish from one batch 
(a) " Nabbed" Fish 
Whole Heplachrcmis 
10~ 
' 
Heed• Beneeded Viscera &. 
37 .8~ &. F'ins 7 . 5~ Gutted 54.6~ 
.. 
Miacelleneous Minc~r Residues 
loese!l, liquors 37.~ 12.4~ ~ .57-
--- --- - ---- ------ - - -- - - -· 
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(b ) Whol e ungut t ed fish 
Whole weahed 
Haplochromio 
t OOi' 
t 
t 
Mince Skin , gil ls, fins , 
69.1~ bone, ac ale residue 30.9l> 
ht wal h 
·t 
Waahed Mince Solid l osses 
56 . CS tB .1~ 
2nd waah 
t 
Was hed Mince Solid l ou ea 
.&9 . 1~ 6 .9".-
3rd waah 
t 
lllaahed Mince Solid l o .. es 
39.A~ 9.n; 
- 59 -
4.3 Bone Content of Mince 
Table IX shows that the mince from 3 mm drum has less 
bone content than that from 5 mm. It was noted that, the 
mince from 5 mm drum had pieces of cartilage, gill and bone 
particles. Although the mince from the 3 mm drum had fewer 
bones one thin bone was 12 mm long whereas the longest bone 
from the 5 mm drum was 15 mm long. The bones in the 
latter case were bigger particularly the cartilage portions 
which appeared to have been squeezed through the drum. 
Table I X Bone Content of Haplochromis Mince 
Bone Content( 1 ) g/ 100g mince 
Mince Treatment 
Wet basis Dry basis 
.. - - - --· . 
Water sprayed 2.27 1.03 
Through 5 mm drum (0.19) (0. 07) 
Not sprayed 1. 78 0.99 
Through 5 mm drum (0.21) (0.14) 
Water sprayed 0.66 0.36 
Through 3 mm dru~ (0 .. 12) (0.04) 
Note: (1) Figures are means of four determinations and those 
in bracket are standard deviations. 
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4.4 Chemical Composition of Mince 
Table X gives the chemical composition of two batches 
of Haplochromis spp. on a wet and dry weight basis. This 
table also shows that there is little variation in composition 
between the two batches and that the residues contain more 
crude protein but less moistu~e than the mince. The residues 
also contain substantially higher levels of ash than the 
mince. 
In Appendix II the composition of whole and separate 
parts of Haolochromis is given for the Main Group II 
(Source: Ssali, 1981 ). 
TglzJ.I! )( Cgml!ll!l.ihoo of H,j, !J'II !1:11!1! ~ d.if[smm~ 111~,!:1~11 gf lfgi!J.!!,h;[Slm.i.ll IDI!a RI! 111!2~ ang g~:l! lllaiUI:!~ lzlllil 
Weight in g per 100g of Mince 
Para.,ata r Batch 1111 !latch 11 (2) 
Unwashed Washed Residue Unwashed Waahad 131 RBBidua 
Hoiature 80.13 85.22 59.70 80.32 83.79 62. 16 
( 1.43) 10.971 ( 1. 42) (3.291 (0.20) (2.32) 
Crude Protein 14.35 11.09 18.08 15.30 11. 61 18 . 69 
(0.46 ) (0.44) (0.96) (0.19) (0.27) ( 1 .52) 
ll..lZ li:.Ql 44.06 .lL..ll l.L.ll ~ 
Ailh 1.26 O.U1 14 . 13 1.21 U.84 16 . 60 
(U.06) (0.06) (0. 24) (0 .03) (0.1 3 I (0.40) 
.hll 2...d..!!. ~ .2....11 2.....!i ..tir...2..!! 
Lipid 5.56 3.07 5 . 09 5.19 3 . 15 4.70 
(0 . 12 ) (0.23) (0.39) (0.10) (0.14) (1.30) 
..il.:.2ft l.Q....l..I ..1l...U lLll .1.2..d1 .1h4l 
Total 101.30 100.19 97.60 
101 .\1 1 9\1.39 102.15 
ll!.Q.ill 1..Q1..l!L 2l.:l.i 109.65 .2Lll ll!a..:l1 
Hote al (1) Received on 4 . 12 . 60 . figures ore the •eana of four dete rmination&. lhoae in per entheai a i ndica t a 
atandsrd dsviation on wet basis . Underlined figuraa indica te content on dry wei gh t baa i a. 
(2 ) Dat ch 11 received on 24.2.61. figurea e r e averages of dupl icate datarminationa, Thoaa in brackat 
indicate the range fo r wet weight boaia while underlined figurea ere conversion& to dry weight baa ia. 
(3) Waahed three ti•e• in chilled water. 
0\ 
. ) 
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4.5 The Salting Process 
4.5.1 Consistency of Salted Mince 
Table XI gives descriptions of salted Haploc hromis mince 
cakes. The volumes of liquor exuded during the salting and 
pressing the mince from different salt concentrations is given 
graphically in Figure 5. Below 20% salt concentration the mince 
gelatinises and there is no liquor exuded. Plate Ill clearly 
illustrates the differences between the cakes. The cakes were 
left an the bench and were subjected to unnecessary handling 
during the course of the work but all of them remained coherent 
except for the 30% salt which were rather brittle. 
4.5.2 Composition of Salted Mince 
The chemical composition of the undried salted mince at 
various salt concentrations is givan in Table XI I while Table 
XIII gives ·the microbial content of two batches. · 
4.5.3 Dry vs Wet Salting of Mince 
Comparison of wet and dry salted mince is given in Table XIV 
The mince which was wet salted gelatinised and little liquor was 
extracted. This is reflected in the high moisture content. 
4.5.4 Press Liquor Protein 
3 . 
2000 cm of press liquor was recovered from salting 4.5 kg of" 
washed Haplochromis min"ce. Macro- Kjeldahl determination of aliquats 
gave a mean of 0.68% crude protei~ in the liquor which was equivalent 
to 5.9~ of the total crud~ proteins in the washed mince. 
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Plate I l l The effect of different levels of salt on formation of 
dried fish cakes from Haplochromis mince . 
Table XI 
Salt n '/. 
of 11ince111 
20~ 
JO" 
50"' 
6~ 
70'1. 
Opecription of Selted Haplocbrqmio Hincq 
l'reeaed Mince 
gelotinoua, no fluid 
eKuded 
- ditto -
a bit gelatinous, crumbly, 
fluid eKuded 
No gelatinisation, 
coneietency of mince, 
fluid e><uded 
no gelatinisation, exceasive 
ealt particlae, fluid exuded 
- ditto -
- ditto -
100g Hinc~t 
Cakse (undried) 
gelatinous 
- ditto -
crumbly cake lacking 
coneiatoncy 
consistent caka 
consistent cake, but with 
exceasive salt particles 
- ditto -
- ditto -
Cakes after drying 
for •o hr. at 40°C 
brown pliable, no 
visible salt porticlea 
white cekee with rough 
striated eurfeceal 
pliable 
white poroua structure 
locking binding 
white conaietent with 
some aalt particle• 
on aurfaca 
white cakee eho~ing 
conaistoncy but with 
excaesivs oalt porticlae 
- ditto -
- ditto -
Notal (\) 500g of waahed mince uaod for each salt concentration and three 100g cakes made fro• each lot. 
- - -- - - - - -
Q) 
u 
c 
·.-i 
:i: 
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Q 
0> 
a 
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figure S Fluid losses during salting of Haplochromis Mince 
with different sa l ting ratios 
40 60 80 
Salting Ratio 
Salt as ~ of Fresh Mince 
- - - - -- ------------
Tgli!h XI( Com~ggiSigo gf UQ~[ill~ IAl$1~ tlAelg~bEgmil !iillllll iD sUf{UIID~ III:U. s;gos;anSu~i,gnl! IDI!l "•U• Mptbgd) 
Salt •• " of " moisture ( 2) " Crudo " !.alt t 1 ) Crude protein (g) in 
fraah Mince protein-( 2 ) in 111ince sample for \OOg of 
washed .. ince 
Unwaahed Mines 113.4 \4.7 0.20 \4 . 7 
(2.0) 10.27) (U) 
Washed mine, 83.4 \2,4 0.20 12.4 
(2.01 (0.25), (U) 
5" 79.\ 11 .a 4 . 3 12 . 4 
( 1.6)· (O . SS) (0.37) 
1~ 75.8 11.3 9.0 12.4 
(0. \0) \0.\11 \0.36) 
25~ 66.4 \0.6 \1.4 \2 .0 
(0.10) (0.10) (0 . 12) 
0'\ 
l~ 50.4 13 . 2 22 . 6 13.7 0'\ 
(4.2) (0,2) (0. 71) 
·~ 46.) 15.2 28.6 14.7 (2.50) (0.16) (2.26) 
50" 41.5 12.5 36.2 13.0 
( 1.3) (0.32) (0.35) 
65" 36 . 7 11 .3 46.4 13.2 
(1 , 5) to .60 I (0.331 
- ---
Notes : (1) Snlt in 111inca daterrdnad by Corning eel chlorirle meter and figure• are mean of 
3 determination• ~ith those in bracket as atanda rd deviation. 
. \2) fi9u ree are averages of duplicates with range in bracketa. 
~----------------------------------------- - - -
- 67 -
Table XIII 
. (If ) 
Changes in Total Viable Counts curing the processing 
of Haplochromis Mince with various salt concentrations 
Batch of 4.12.81 
Total Viable Micro-organisms/g 
Mince Treatment 
Unwashed 
Washed 
Salted Undried Mince 
10'1. Salt 
20% Salt 
30~ Salt 
40~ Salt 
so 'fa Salt 
60~ Salt 
70~ Salt 
1st Batch 
3 •. s X 104 
1 • 9 X 104 
4.6 X 104 
2. 7 X 104 
1 .9 X 104 
1 • 8 X 104 
4.7 X 103 
2nd Batch 
6.2 X 105(2 ) 
1 • 7 X 105 
1 . 3 X 105 
5.9 X to4 
6 .1 X 10 4 
3 .. 2 X 104 
Notes: (1) Figures are mean of duplicates except ( 2 ) 
Plates surface pl ated on PCA and incubated 
at 25°C for 48 hrs. 
(2) Mean of 4 determinations. 
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Table XIV Comparison of Dry Salted and brined Haplochromis 
Mince (undried) 
Parameter 
M . t(2) o~sture conten 
( 3) Salt Content 'f. 
TVC at 25°c( 4 ) 
bact/g 
Halophiles( 4 ) 
bact/g 
Peroxide Value( 4 ) 
Del Valle 
Mince 
( 1 ) (dry' salted) 
56.90 
(0.70) 
28.8 
(0.28) 
9 5 .15 X 10 
2 6 .. 25 X 10 
180 
Anderson-Mendelsohn 
Mince 
(brined ) 
76.69 
(0.25) 
15.31 
(0.26 ) 
5 4.15 X 10 
2 5.15 X 10 
250 
Notes : (1) Dry salting ratio 40:100 (salt:mince). 
(2) Means of triplicates with bracketed figures as range. 
(3) Means of 4· determinations with bracketed figures as 
standard 'deviations. 
(4) Averages of duplicates. 
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4.6 Storage Trials of Salted Cakes of Haplochromis 
4.6.1 Composition of Salted Cakes During Storage 
The moisture, lipid and salt content of salted cakes over a 
14 week storage period are given in Table XV. The UN 'cakes -, _-
became harder to the touch with storage whereas VP and LDP cakes 
were relatively softer and this is reflected in the difference 
moisture content. The statistical comparison of the results is 
given in Table XV I. 
4.6.2 Taste Panel Assessment of Salted Cakes 
The mean taste panel scores and their correlation with the 
time of storage are given in Table XVII,.. The levels of significance 
of the correlations are also included in the same table. The mean 
panel scores were compared with the paired data subjected to 
a Student • s "t" test. The null hypothesis assumed is "that the 
1st sample in the pair indicated in Table XVIII does not hav_e a 
significantly higher score than the 2nd sample, for the sensory 
attribute being tested". 
The taste panel score sheet (Appendix I) had a subsection on 
visual surface texture or grain of the cooked cake but the 
discrimination of the qualities was not clear. Although the 
panellists attached scores to this parameter, the results are 
not incorporated in Table XVII and the Appearance column'results 
are only for the colour. 
h!;lll )(\1 ~eiat~ta. biei~ sod Sal$ Cgo!;nt g! Salt~d Haele,bEomil '!~I! ua Ul2t~9! 
Ill 
StaraiJ• Compgeitiop in g/\UOg of Saltud U~glg,b,gmj; Cake 
u. •• 
lfr'88k• UN Cell:ee LOP Cakoe VP Cek .. 
Hob tun . Lipid Salt Haisture Lipid Salt. Hoistura lipid Salt 
15.4 6.5 .50.5 21.4 5.7 46.2 9.2 6.9 50,3 
(0.29) (O,tt) u.ol (0.211 (0.20) 11 .all (2.94) (0,~0) (0,11) 
2 4.1 1.6 55.6 31o0 5,5 42.8 10.5 5.6 ~4.1 
(0,09) (0,44) (0.12) ( 1.9\) (0.78) (1,65) (0.931 (1,36) (2.21) 
3 5 •. 2 9.2 51.9 20.2 6.9 OJ,5 22.1 6,6 .ca.o 
(0,41) (I .6Bl (0.62) (1.06) . (0.62) (1,16) (0,03) (0.33) (0.561 
4 4.2 8.0 57.8 29.1 5,3 44.2 17.1 5,3 44.5 
(0,011 (0,03) (4.61 (5.27) (0,14) (2.11 (0.641 (O,DTI (1.661 
3.9 8.3 54.1 6.9 5,9 56.9 4.8121 7.5 57.8 
(0.2Bl (0,80) ( 5.41 (0.59) (0.36) (4.31) (0,25) (0.41) (1.\41 
6 4.4 10.8 53,0 10.0- 6,1 46.6 ' 16.2 6,1 55.1 .... 
"' 
0 
(O.J11 (0.71) (5,41) (0,28) (0.15) (3,50) (0,55) (0.781 
a 4.2 6.1 55.4 10., 6.9 53.3 11.1 8.7 50.2 
(O,OI) (0.39) (0.62) (0,06) (0,68) (1,18) (1.131 (0,80) (' .41) 
9 3.9 1.0 51.1 ·a.a 7.2 '55.8 15.7 7.3 SI ,0 
_!D.2T) IQ,46) u.m IQ,21), p.m. _!2,01) .. \2.15) Jl. 43_1_ (o,m 
10 3.1 9.2 57. I 4,8 1.9 56.9 5.2 8,1 59.5 
(Q.04) (0.06) (1.83) (I. 7Jl (0.36) (l.t4l (0.03) 10.04) (1.08) 
11 3.0 6.3 55.5' 20.2 6,5 49 .. 2 29.1 6,3 41.1 
!0.21) (0.20) (O.JOl !1. 46) (D) (3.90) (2, 78) (0,21) (2.60) 
IJ 3.7 7o2 58.5 20.6. S.J 48.5 a.o 5,7 55.6 
(0,10) (0. 701 (1.61) (3',06) (I • JS) (1,25) (U,60) (0, 721 (O,SO) 
14 3.7 7.4 59.1 11.2 7.4 52.6 18.4 7.4 50.9 
(0.32) (0.53) (0.711 (3,05) 10.42) (2.32) (1.92) (0,06) (0,66) 
H&uln 5.0 8.2 56.0 16.6 6.6 50.2 14.5 7.0 52.1 
Ho teal Ill Datm&~inetione ere me•n duplicate•• fiQure~ in parentheaia ar• range. 
(2) Leakar pack. 
·- "' ~-~---- ~- ··~ . 
Table XVI Values of "t" end levels of siqnificance 11 l for paired data of moisture, lipide and salt 
content of stored salted cakes of Haplochromis 
Parameter( 2) 
1 • Moisture 
UN vs LDP 
UN vs VP 
LDP vs VP 
2. Lieids 
UN VS LDP 
UN VS VP 
LDP vs VP 
3. Salt 
UN vs LDP 
UN vs VP 
LDP vs VP 
Not Significant 
( '>5") 
0.69 
1.14 
1.47 
Probably Significant 
(5~-1~) 
Significant 
(1'f.-0.1'f.) 
3.88 
2.99 
Highly Significant 
(0.1") 
4.30 
5.46 
5.02 
4.13 
Notes: (1) Signifi~ancelevels for 'I) a 11 -Table 7 Murdoch &. Barnes (1974). 
(2) Null hypothesis - 1st sample in the pair is not different from the 2nd sample for the 
parameter being tested. 
...., 
~ 
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The results for the salt taste from 144 samples tasted by the 
panellists were as follows: 
Score mark D ascription No. of ~ 
samples 
1 Under salted 16 11 • 1 
2 Slightly under salted 37 25.9 
3 Salt satisfactory 81 56.2 
4 Slightly too salty 9 6.3 
5 Much too salty 1 0.7 
Total 144 100.0. 
During the desalting, 78-93% of the removable salt leached 
cut in the cold water during the 30 minutes soaking period, whilst 
a further proportion leached cut on boiling. 
Worms and worm particles were recorded in three samples 
.while four samples were found gritty. 
Rancidity in Salted Haplcchrcmis Cakes 
Rancid flavours sometimes masked the fish taste as noted by . 
one panellist "fish taste characteristic of Haplcchrcmis probably 
due to rancidity •••• ". After 14 weeks storage, one panellist 
summed up the rancidity of the samples 
"Rancidity although detectable is not unpleasant". 
I 
I 
I 
I 
Table XVII Summary of Mean Taste Panel Ssgraa for Salted Haplgchrnmis CakeB 
Storage Appearance Odour fiBh Tea\8 
tbe 
weak a UN LDP VP UN LDP VP UN 
LOP 
1 2.50 3,00 3.25 2o75 2.25 2,75 z,50 1.50 
2 4.00 3.75 2.50 2.50 3.00 2.75 z,25 
J,OO 
3 3.25 4.00 2.25 3,00 .3,00 2.75 2.50 1. 75 
4 J,OO •• 25 2.50 2.75 3,00 3.50 2.25 
z.ou 
5 3.15 3.75 ],50 2.25 ],25 2.25 2.25 3.25 
6 3.75 •• sa 2.75 2.25 2.50 2.50 I, 75 2.25 
8 3,00 •• no 2.33 z.33 3.33 z.oa 2.67 
4.00 ' 
9 4.00 ].50 2,75 2.50 z.oa 2.25 3.25 
3.25 
10 •• 1;5 ],25 2.25 3.50 z.so 2.25 2.25 J,OO 
11 4.25 4.75 2.75 3.50 ],50 2.75 2.75 2.25 
13 z.oo •• so 3.75 2o75 3,75 2.25 2o75. 
z.oo 
14 4.25 •• oo 3.50 3.00 3.50 
],00 2.75 2.25 
He an 3·~ ~·q 2.·1 2.·1 
. 3•0 H jj!.S' 2·S 
Correlation 
coefficient 
••• o.zo 0.]8 0.34 -0.11 0.44 -0.2£ 
0.47 0.15 
Levels of N5 NS NS NS HS NS 
NS HS 
• 
'1'1) 
ail)ntficanc 
~ • 10 )5~ >5~ ,5'11 
75~ )'Si' 75'/. )'5~ )51! 
. 
Notea 11) NS • not eignificant. 
L' 
TextLire 
VP UN LDP 
2.75 2.25 2.00 
2.75 3.25 3.75 
z. 75 3.00 ].75 
z.7s ],50 3.50 
2.15 3.50 3.50 
2.50 3.25 3.75 
3.00 J,lJ 3.3l 
2.00 3.75 3.50 
J,25 3.25 3.50 
3.25 . A.5D 4.25 
2.50 J,OO 4.00 
2.75 3.00 3.50 
~·B H 'a-5 
0.0£ 0.22 0.47 
HS HS HS 
. 
,5'11 '>511 >s·~ 
. 
VP 
2.75 
3.25 
2.75 
3.50 
3.25 
3,50 
3.33 
3.50 
3.50 
4,00 
3.75 
3.25 
3·'1 
0.65 
2.5~ 
to 
"' 
Rancid it~ 
UN LDP 
1,50 1.25 . 
1.50 2.00 
2.25 ],25 
2.15 3.25 
3.00 3.25 
2.75 3.50 
2.61 3.61 
3,75 3.75 
3.25 3.50 
3.33 3,00 
3.00 •• 25 
3.25 3.75 
2.·8 3·1t 
0.78 0.14 
o.s~ o.s~ 
to to 
0.05~ 0.05~ 
VP 
t.5D 
1.75 
1.50 
2.00 
2.75 
2.25 
2.33 
2.25 
z.75 
].25 
J,75 
3.25 
2·~ 
0.90 
"0,05;\ 
._, 
w 
I 
I 
I 
I 
Toblp XVIII Voluea ot t fgr •paired• dotp ocorgd by Teata Panel including luyelp pf signifiCancg 
Valuu of 1; and l~vale of aignificanc0(1 ) ,.. • 11 degroee of freedo11 
PaJ"emeter Not significant Probably significant . Significant Highly eignificant 
> 5\'1 5~1'11 1~0.1ll 0.1;11 
1. Aopoaransg 
VP va LOP 5.34 
VP ve UN 2.21 
LOP VI UN 1.66 
2. 
.!lsl= 
VP va. LOP 2.70 
VP ~· UN 1.16 
LDP ve UN 1.12 
3. fhh hsto 
\lP va LnP 0.26 
VP va UN 1.55 . 
LDP va UN 0.32 
•• TpdYU 
VP va LOP 1.43 
VP va UN 0.61 
LOP va UN 
-· 
1.89 
s. Aaoddity 
VP va LDP 
-
5.36 
VP va UN 1.8. 
LOP va UN 2.28 
Not et (1) Significance ~avala - Tabla 1 Hurdoch &:Darnea (197•1. 
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a) The appearance of the cakes, particularly after cookin9 
for taste panel examination, seemed to correspond with 
rancidity. 
However this is not supported by statistical analysis, viz:-
Sample 
UN 
LOP 
VP 
Correlation 
Coefficient "r" 
0.36 
0.46 
o.ss 
Significance level 
V • 10 degrees of freedom 
Not significant 
>S% 
Not significant 
">5% 
Probably significant 
s%-2t% 
b) When the lipid content (Table XV) is compared with taste 
panel rancidity score (Table XVII) the coefficients of 
correlation are as follnws:-
Samples Correlation Significance level 
Coefficient "r" l,! = 10 degrees o.f freedom 
UN 0.12 Not significant 
> s% 
LOP 0.36 Not significant 
,. s% 
VP 0.03 Not significant 
,. s% 
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c) Variations of peroxide values of uncooked salted cakes 
and taste panel scores for' rancidity are given in Table XIX. 
The correlation coefficients are as follows:-
Samples Correlation Significance level 
Coefficient u r" ·V= 10 degrees of freedom 
UN -0.65 Significant 
5%-1% 
LDP 
-0.33 Not significant 
'> s% 
VP 0.47 Not significant 
> 5% 
4.6.3 . Microbiological Content of Stored Salted Cakes 
Table XX:. shows the microbiological counts of the stored cakes. 
Owing to the dilutions used and the surface plating techniques only 
numbers .more than 3000 CFU/g are quoted (from a statisticaliy 
significant count of 30 CFU/plate). The (+) sign indicates. 
between 100 and 3000 CFU/g while NG indicates less than 100 CFU/g. 
The CFU an Baird Parker medium showed no lecithioasering except 
during the 6th weak (indicated as (i)) of storage where the two 
units gave a positive coagulase test for 5taphyllacoccus aureus. 
Tha TVC show a fluctuating pattern up to the 6th week of 
storage after which the CFU recorded are not significant. The 
helophiles were not present in any significant numbers end no 
moulds were isolated from the samples. 
Tpble XIX ypriptigns gf Peroxida Value and Rancidity Scores gf Sglted Cakes on Storage 
Sto:rage . UN VP LOP 
U•e POV ·Mean PUV Keon POV Mean 
woeke MEq Olkg Rancidit,Y Score MEq Olkg Rancidity Sco:rs mEq 0/kg Rancidity Score 
' 
. 
I 622 1.50 - 30 1.50 230 1.25 
2 242 1.50 lZ I. 75 389 z.oo 
3 246 2.25 65 1.50 101 3.25 
• 170 2.75 23 2.0 137 3.25 
5 120 J.QQ 96 2.75 104 3.2~ 
6 96 2.75 211 2.25 164 3.50 
6 179 2.67 43 2.3] 150 3.67 
9 Ut 3.75 92 2.25 156 3.75 
10 86 ].25 34 2.75 82 ],50 
11 104 ],]] 204 3.25 231 ],00 
1l 91 ],00 193 3.75 91 . 41.25 
u 215 3.25 89 3.25 471 3.75 
Correlation 
... 0 .. 40 0.78 0.36 0.90 0.10 0.74 
Coaffi~ient "E• 
Level• af ai9nificanea 0.5'!1 · o.5~ 
,.. 5~ to ,.5~ ~ o.0511 ~5~ to 
., 
• 10 0,05" ' 0,05~ 
Tabl) XX (I) Mi,EDbi2l2gi,ll C~Qt§D~ t (2) go S~s,u:sul !.aU~d Haelo£!uomil ~akgg 
5torega Colony forming unita (CfU)/g of Salted C11ke 
time Unpacked !Jacked in LOP Vacuu11 Packed 
(weeke) TVC Halophilea Stepha TVC Halophile a 5tepha TVC Halophile• Staphya 
I 6 .. 3x1D4 NG S.9x1D3 ... )(104 NG J.Ox103 8.0x104 NG 3.3.103 
2 3.h1D3 NG J.Sx103 · + NG + 1.6.104 NG 4.Dx103 
J •• lb:t04 . NG J.Ox103 + NG tiG 4.0xt03 NG + 
4 + NG NG + NG NG 2.6x1.04 NG NG 
5 3.h103 NG NG • NG NG + NG + 
6 s.txi03 NG (3) NG NG NG NG + + + 
B + NG NG NG NG NG NG NG NG 
,9 + NG NG + NG NG + NG NG 
__, 
Cil 
10 t NG NG + NG + + NG + 
11 + NG NG NG NG NG + • NG 
IJ + NG NG NG NG NG + NG NG 
•• + 
NG NG + NG NG NG NG NG 
Not eel (1) NG • No growth • 
(2) • . GEG"Wth but coloniea laae than 30 per plate • 
.. 
( J) Tho two colonies eubcultured an Nutrient growth and subjected to coagulase teat. 
5. DISCUSS ION 
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Preliminary studies of mince yields from the flesh-bone 
separator were carried out using haddock, coley and mackerel 
mainly to acquaint the author with the mechanism and operation 
of the flesh-bane separator. Although the investigations need to' 
be repeated before definite trends can be established the initial 
results given in Table III show that the mince yields differ with 
the fish species and far the same species differ with the size of 
the drum perforations of the flesh-bane separator. The mince 
yields of 66.6-69.6%, 78.4-80.1% and 76.0% for haddock, coley and 
mackerel respectively are higher than those reported by Carver 
and King (1970) of 57% for haddock, 58% for coley and 65% far 
mackerel. The higher yields could be due to the recoveries from 
the heads of the split fish used in this study whereas the yields 
quoted by Carver and King (1970) are for beheaded fish. The same 
authors quote mince of 69.5% for herring which is close to the 
yield of 66. 6j' from this study. 
From sections 4.1.2 and 4.1.3 it would appear that haddock 
and Haplachromis mince yields from 3 mm drum with low open 
surface:salid surface ratio (1:2.3 respectively) gives a higher 
yield (69.6% far haddock. and 69.1% far Haplochramis) than the 5 mm 
dru~ with a more open surface (open surface:solid surface ratio 
1:1.4 and yields of 66.6% for haddock and 63.5% for Haplochromis). 
The possible explanation is that with larger perforations some 
flesh just facing the·hales tends to be extruded with the banes, 
whereas with smaller perforations more flesh tends to be sheared 
off the banes (Drews, 1976). That explanation applies to coley 
fillets where more flesh stuck to the skin with larger perforations. 
However, split coley fish passed through 5 mm drum gives a higher 
yield than that from 3 mm drum. This is anomalous and could have 
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been a variation in the batch quality or a characteristic of the 
species. The variations in mince yields between species could be 
due to differences in anatomical structures with fish species that 
have relatively larger heads or more bone structure giving lower 
mince yields (Crawford .ill .ru,.., 1 972; Fin ne .ill .ru,.. • 1 980) • 
The mince yields for Haplochromis (Table V) varied from 
67.5% to 70.9% depending on the batch. Studies by N'dene (19B1l 
and Ssali (1961), using gel electrophoresis, showed that there was 
a large number of species in the Haplochromis batches (14 species 
from 17 individual fish). The variation in mince yields between 
batches of Haplochromis could therefore be a reflection of the 
variations in species composition between the batches. 
The drum with 3 mm perforations was adopted for use in the 
production of mince from Haplochromis spp. owing to the 
consistently higher yields (6~ .• 1%) compared to the 5 mm drum 
(63.5%) in Tables V and IV. These two tables also show that the 
"nabbing" of 17.37 kg of Haplochromis took 6t hours to give a 
mince yield of 37.7% whereas 15.3 kg of ungutted fish was minced in 
2t minutes, the washing of the mince took 45 minutes and galla a 
yield of 39.2%. This yield is higher than the 26.1% obtained for 
Tilapia spp. (Finne .Jll.ru.., 1960). It is clear that the· "nabbing" 
process is labour intensive and time consuming and it would not be 
practical under commercial operations. However, by mincing whole 
ungutted Haplochromis and then washing the mince the process can be 
speeded up. Comparison of mince yields from whole and "nobbed" 
Haplochromis (Figure 4) shows that even after three washings the 
mince yield from whole fish is slightly higher (39.4%) than that 
from "nobbed"fish (37.7%). 
The washing of mince is a necessary step mainly as a public 
health measure to flush out some of the gut contents. From Table VI 
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it can· ba seen that the Total Viable colonies ars reduced by a 
factor of 10 when the mince is washed but after 3 washings no 
further microbial reductions are achieved. In the process of 
washing the colour of the mince becomes lighter as shown in 
Plate II and from the reflectance readings of Table VI. At least 
two washings are required to change the appearance of the mince 
from ungutted fish to the level of mince from gutted fish. The 
effect of washing on lightening the colour of the mince is in line 
with the findings of Tableros and Young (1981). One would expect 
the lighter colour to be more acceptable to the consumers. This 
would probably be true for the British market where the public 
relate the colour of fish to the white colour of cod muscle 
(Bremner, 1978; Elston, 1975). The dark colour of Haplochro"!is 
mince may, however, not be crucial for its acceptability by the 
Ugandan consumer. The choice of 3 washings of mince prior to the 
formation of fish cakes was based mainly on the reduction of micro-
bial levels. Besides affecting the microbial levels and mince 
colourr washing has several othar effects on mince. 
values of percentage moisture in Table VII (Section 
Taking the 
4.2.2) and 
applying the t test it is shown that washing the mince significantly 
increases (P 4 0.0005) the water content. This could be due to 
absorption of water (Drews, 1976) or ineffective removal of excess 
water. The same. results also· shows that smaller drum perforations 
give a mince with a significantly higher moisture content (P.c. 0.0005) 
than the larger drum perforations. This could be due to the greater 
resistance encountered by the solids compared to the liquid 
fraction of the mince when squeezing through the narrower perforations 
(Wong et al., 1976). 
The washing process results in losses in protein,lipids and 
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minerals (ash) and these are included in the total losses of 
solids (Section 4.2.3). Table VIII shows that more than half of 
the total weight of mince is lost after five washings. By 
limiting the number of washings to 3 (as adopted) the yield of 
washed mince is 39.4% of the weight of whole fish. This is still 
in the yield range of 36.9% to 66.6% reported by Miyauchi and 
Steinberg (1970) for other fish. 
· Under commercial conditions more efficient removal of the 
water from the mince can be achieved by centrifuging or by using 
nylon mesh rather than the cheese cloth. This would increase the 
yields as less solids would be lost. 
The changes in protein, lipid and ash are given in Tables VII 
and X and subsection 4.4. The differences in composition between 
whole fish (Ssali,. 1981 l given as Appendix II and unwashed mince 
(Table X) is due to the lower moisture (71.2%) for whole fish 
compared to (80.2%) for the unwashed mince. The higher moisture 
content in the unwashed mince could be due to the liquid being 
squeezed from the bone marrow during mincing (Baker ~si·• 1977). 
Washing has a significant reduction (P< 0.01 l on ash content and 
very highly significant reductions (P<. 0.005) on protein and lipid 
content. These findings are similar to those of Tableros and Young 
(1981) on Gulf croaker fish where protein was reduced from 
1B.6g/100g to 13.2g/100g and 1ipids were reduced from 1.3g/100g to 
O.Bg/100g. On a wet weight basis the protein leases of 22.11'~ and 
24.7% for the two batches of Haplochromis (Table X) are lees than 
the 25% losses reported by Bligh and Regier (1976), Besides being 
lost as solids, proteins can be lost as solubles in the wash water 
(Ravichander and Keay, 1976). The lipid losses during washing may 
appear an advantage in providing better keeping qualities by 
reducing components thet accelerate rancidity (Steinberg, 1975). 
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Flavour components may also be lost in washing (Draws, 1976). 
Bremner (1978) is of the view that the disadvantages of washing 
outweigh the advantages. While that may hold for the gutted fish 
he used it can not be extended to the mince from' ungutted fish where. 
there is an aesthetic need to clean out the gut. 
rhe flesh-bone separation residues (Table X) contain high 
levels of protein (16%) possibly due to fish skin inclusions. 
These residues could, therefore, be utilized in making animal 
food by ensilage or fish meal production. 
The presence of worms in the mince is aesthetically 
undesirable but as shown in the literature review· (Section 2.5.1) 
it is not confined to Haplochromis. The results (Tables V and VI) 
show ·that worm content in the mince varied between batches and that 
washing does not reduce the worm content since the meshes in the 
cheese cloth used in straining excess water from the mince were 
smaller than the drum perforations. Even gutting did not 
eliminate all. the worms (there were 6 worm.s in 1 kg of mince from 
"nabbed" fish). This was probably due to the migration of worms 
from the gut to the flesh after the capture of the fish (Myers, 
1979), Complete elimination of the worms would require 100% 
inspection which is impractical. The nematode larvae of 
Contracaecum sp. and Eustrongvlides sp. and the larvae of the 
cestode b· intestinalis can be killed by freezing or proper cooking 
(Gibs on, 1980). Tradi tionall.y fish is consumed after proper 
cooking and consequently.these parasites are unlikely to pose a 
serious health hazard to the Ugandan consumers just as "cod worms" 
have not been a serious health hazard to the British market. 
.... 
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The bone content ·of the mince from smaller drum perforations 
of 3 mm was significantly less (P<.0.01) than those from the 
larger drum perforations of 5 mm (subsection 4.3 and Table IX). 
This was consistent with the findings of Wong ~~· (1978) and 
Patashnik ~~.(1974a). The lower bone content favoured the 
adoption of the 3 mm drum in producing Haplochromis fish cakes. 
The use of 5 mm drum would require passing the mince through 1 mm 
or 2 mm strainer to reduce the bone content to the level of the 
3 mm drum mince. Commercially, a strainer would be an additional 
cost of production ( Patashnik et ~., 1974a). However, the 
lower bone content from the 3 mm drum does not mean that the 
extruded bones are any less hazardous than those from the 5 mm 
drum since the longest bones from the smaller perforations were 
12 mm while those from the larger perforations were 15 mm long. 
The hazard from·the bones depends on their rigidity rather than 
length (Wong et~., 1978). The fewer the bones in the mince the 
lees the hazard and consequently the smaller drum perforations 
should give a relatively safer mince •. 
Water spraying of the mince seemsto significantly increase 
(P40.Q1) the bone content on a wet basis (Section 4.3). This 
was expected since the washing process dissolved or carried away 
some solids, other than bones, from the mince. 
The salted cakes (Subsection 4.5.1, Table XI and Plate III) 
change their consistency from a gelatinous mass to firm coherent 
cakes as the salt/fish ratio increases. This is probably due to 
denaturation of the proteins which coagulate with increasing salt 
concentrations (Del Valle an~ Gonzalez-Inigo, 1968). figure 5 
shows that for salting ratios up to 2Dio, no liquor is lost from 
the mince which gelatinises and retains its WHC 0 low salt 
concentrations up to 10% are known to increase WHC (Poulter and 
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Disney, 1977). At 4Di- salt/mince ratio a large volume of Liquor 
( 2j,J cm 3 !I 51~ of water in washed mince) is exuded from the 
mince an pressing (reducing the drying time) and subsequent salt 
increases gave only marginal increased liquor losses. The mince 
cakes produced from 40~ salt concentration were coherent and firm 
and did not disintegrate on desalting. 40~ salt was, therefore, 
adapted as the optimum salt concentration for the formation of 
coherent salted cakes from washed Haplochromis·mince. This is 
within the range of optimum salt ratios found by Del Valle and 
Gonzalez-Iniga (1968). 
The. chemical composition of the undried salted mince (Table XII) 
illustrates the following points; 
1) As shown earlier, there is a decrease in moisture content 
with increasing salt/fish mince ratio. The mince from all 
salt ratios'·requires dehydration to reduce the water content 
to levels that would permit prolonged storage life. Regier 
~al. (1978) found that 241. was the minimum for growth of 
spoilage organisms an salted fish mince. 
2) On a wet weight basis the crude protein levels fluctuate 
and reach a maximum at the optimum salting ratio (4~ salt). 
There are apparent lasses of crude protein but at the 
optimum· eelting ratio the crude proteins are at the same 
level as in unwashed Haplochromis mince. When the crude 
protein is calculated as a proportiarr of the washed 
mince there is hardly any loss of protein. 
It would appear that any protein lasses due to the 
salting of the mince (particularly at optimum salting 
ratios) are minimal which is consistent with the losses 
of 1 • 31o in carp a ( Cyprinus carpio) referred to by 
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Del Valle and Gonzalez-Inigo (1968). However, in the 
determination of crude protein from the salted press 
liquor (Section 4.5.4) the protein losses were 5.91-. 
These variations in the results warrant further 
investigations to establish the amounts of _proteins 
lost. 
3) The salt content in the mince increases with increasing 
salt/mince ratio. However, after the denaturation of 
the proteins the press liquor leaches out much of the 
salt. Del Valle (1974) is of the view that the press 
liquor is a saturated salt solution at 26.51- salt. 
Taking the liquor from 401. salting ratio 1 55.65g or 27.81-
of the salt is leached out from 200g of salt used 
(F . 3 ) igure 51 2t3 cm liquor from 500g mince • 
4) On an industrial scale the salt would have to be 
recovered for reuse. Probably a scheme can be 
worked out for recovering the salt and proteins. Besides, 
their discharge in the raw state could cause pollution 
problems end treatment might be essential. 
Table XIII shows that the microbial content of the washed 
mince· from the 1 at batch is higher than that of the unwashed 
mince probably due to better dispersion of the CFU. In both 
batches salting reduced the microbial level by a factor of 10 
showing the preservative action of the salt before the cakes 
are dried. Substantial microbial reductions are achieved. with 
501- salt ratio. 
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The mince which was salted using the Anderson-Mendelsohn 
method coagulated, and although no further work was carried out 
on these lines it is interesting to note the higher moisture 
content compared to the dry salted mince (Table XIV). This 
.shows that the salt penetration in the wet salted mince was not 
complete, probably, due to insufficient contact time. This 
mince supported slightly fewer halophiles but less than half the 
total microflora of the dry salted mince. The lower TVC could 
be due to the efficient dispersion of brine to all mince solids 
where it imparts its preservative action even at low concentra-
tions (Anderson and Mendelsohn, 1972). The peroxide value of 
the wet salted mince is higher than that of the dry salted 
mince contrary to expectation since the brine protects the mince 
from oxygen in the air ( Anderson and Mendelsohn, 1972; Mendelsohn, 
197 4b) • 
The composition of stored salted Haplochromis cakes 
(Section 4.6 .1 , Table XV and Table XV I) illustrates the 
following points~ 
1) The UN cakes lose moisture with storage while LDP and 
VP cakes show fluctuations in moisture content. When UN 
cakes are compared with LDP and VP cakes there is a 
highly significant reduction ( P .t. 0.001) of the moisture 
content in UN cakes. This suggests that the. packaging 
materials used in this investigation protected the cakes 
sufficiently against moisture loss. There is no 
significant difference (P) 0.05) in moisture content 
between LDP and VP cakes. The reduction in moisture 
.. 
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content of UN cakes is probably a reflection of 
fluctuation in low relative humidities of the atmosphere. 
The drying out of stored salted cakes is consistent with 
findings of Del Valle .!l.:!;, l!l• ( 1976). 
2) The packaged cakes have significantly lower lipid content 
than the UN cakes (P.c.0.001 for LDP cakes and P-'.0.01 for 
VP cakes). This is expected because of the lower moisture 
levels in the UN cakes. However, there are no significant 
lipid differences (P > 0,05) between LDP end VP cakes, 
3). The salt content follows a pattern similar to that of 
lipid content. The salt content in all cakes is sufficiently 
high to curtail microbial growth (Garbutt, 1981). 
According to Poulter (1960) fish products with more than 
201. salt content and less than 151o moisture have a storage 
life of more than one year. This would include nearly all 
the UN cakes and some of the packaged cakes in this study. 
The results of the taste panel assessment of the stored. 
cakas (Section 4.6.2, Tab1es XVII, XVIII and XIX) illustrate a 
number of points. 
1) The desalting process was effected simply by soaking the 
cakes in cold water and in 30 minutes 78-931. of the salt 
was leached out of the fish cakes. After desalting only 
7.981. of the samples were too salty or much too salty 
(i.e. above satisfactory level), This shows that the 
high salt levels in the cakes can be effectively removed 
by a process that can be easily adopted by the consumer. 
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The desalting water contains salt which will have 
performed its preservative action and, therefore, 
discarding desalting water cannot be ·regarded as a 
salt "loss" (Del Valle and Gonzalez-Inigo, 1968). 
However, the consumers could still use the desalting 
water in the preparation of other traditional dishes and 
hence· conserve the salt as well as any other nutrients 
(e.g. protein). 
2) The appeara.nce of the cakes was not significantly 
affected by storage time ( p > 0. 05) but it was affected 
by packaging. The LOP cakes were significantly more 
brown (P< 0.001) than those packed in vacuum (also 
illustrated by mean scores). This indicates that should 
browning of the cakes have a negative affect on accept-
ability, and if the cakes are to pe packaged at all, then 
they should be vacuum packed. The UN cakes were probably 
less attractive than the VP cakes but the LOP and UN 
cakes showed no relative advantages in appearance. No 
attempt was made to assess the acceptabil.i ty of the cakes 
by British consumers as this would·not have correctly 
reflected the intended market of the end-product, i.e. 
Uganda. 
3) The mean odour scores for all cakes was just about 
satisfactory and odour was not significantly affected 
by storage. time (P >·0.05). There was probably a 
stronger odour in LOP cakes when compared with VP cakes 
(P<. 0.05) otherwise UN cakes show no significant 
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differences in odour relative to the packaged cakes 
(P >0.05). This also shows that if stronger odours were 
to have a negative effect on acceptability, then if the 
cak~s are to be packed, they should be vacuum packed. 
4) The mean fish taste scores were slightly below the 
satisfactory level for all the cakes. This was probably 
a reflection of the loss of flavours in the washing of 
mince (Draws, 1976). The fish taste was not significantly 
affected by the method of packaging or the storage time 
of the experiment ( P > 0.05). 
5) The mean texture scores. were slightly above the satisfactory 
level, and the texture was tending towards granular. This 
too was probably due to the washing process (Draws, 1976). 
The textures of UN and LDP cakes showed no correlation with 
storage time. However the texture of VP cakes tended to 
become granular with storage. Comparing the textures of 
differently packaged cakes, the packaging method did not 
seem to significantly affect the texture (except the 
probably significant increase in texture score of UN when 
compared with LOP). 
6) While rancidity scores. for all the cakes gave significant 
correlations with storage time ( P < 0.005 l there was no 
significant correlation between peroxide value and storage 
time (P> 0.05). When peroxide values were compared with 
rancidity taste scores (Section 4.6.2.1) there was no 
significant correlation for LDP and VP cakes (P> 0.05). 
The UN cakes showed a significant negative correlation 
( P < 0.05) which was due to the exceptionally high peroxide 
value for the 1st week (no significant correlation is 
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obtained when this value is disregarded). The lack of 
correlation between peroxide value and taste panel scores 
was reported by Cole and Keay (1976). In the present 
study peroxide values were measured on salted cakes while 
rancidity taste scores were made on cooked desalted cakes. 
While the desalting process may leach out and volatilise 
some rancid flavours (Del Valle, 1974), the lack of 
correlation between peroxide value and rancidity scores 
renders peroxide value an unreliable measure of oxidation 
of the salted cakes. This is consistent with the 
observations of Hardy (1980) and Poulter and Disney (1977) 
who attribute the breakdown of the initially high levels of 
hydroperoxides to haem and other compounds in the fish. 
As the consumers would assess the cakes subjectively it was 
more appropriate to use rancidity taste scores as a measure of the 
extent of oxidation of the fish cakes. 
Rancidity taste scores (Section 4.6.2.1) showed no significant 
correlation with lipid content ( P > 0 .OS) despite the highly 
significant low lipid levels in UN cakes. Although the appearance 
(Section 4.6.2.1 a)) of the cooked samples seemed to correspond 
with rancidity, only in the VP cakes was there a probable 
significant correlation between the degree of browning and 
rancidity scores. Even then, before desalting, the cakes are 
covered in white salt crystals and the consumer could not use 
mince appearance as a guide to rancidity levels. 
The rancidity of.the salted mince was expected from the 
lipid content in the Haplochromis mince and from the method of 
preparation where the mincing process increases the surface area 
of the flesh exposed to the air and also facilitates the mixing 
of the haem and other pro-oxidants in the flesh (Cole and Keay, 
1976). The metal surfaces of the mincer may also trigger off 
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oxidation reactions (Mendelsohn, 1974c). The addition of salt 
may provide ions as impurities that could trigger off radical 
oxidative reactions. The dehydratiop_of the mince may itself 
/ 
aid oxidation (Labuza and Dugan, 1971). Oxidative changes could 
be significantly reduced by vacuum packaging (Table XVIII). The 
possibility of incorporating anti oxidants in the mince needs 
investigation;. However, some communities in the far East, Asia and 
Africa can tolerate various relatively high amounts of rancid fats 
(Ha!liday and Disney, 1971) and therefore market surveys for 
, 
salted Haplochromis cakes need to be carried out in Uganda to 
determine product accep.tabili ty. Even with present methods of 
consumption it is possible that sundried Haplochromis offered 
for sale in Uganda is already very rancid. 
The results of the microbiological content of the cakes 
(Section 4.6.3 and Table XX) show that the UN cakes supported 
" higher TVC for a longer storage period than the LDP or VP cakes. 
This could be due to surface contamination or surface survival of 
bacteria! flora rather than growth. However, in all cases the 
total bacterial numbers were low and showed a definite decrease 
with storage time. This would account for the stability of the 
salted cakes at the ambient temperatures without microbial 
deterioration which 
_ll &· ( 1976) • The 
is consistent with findings of Del Val!e 
5 TVC were leas than 10 /g which would make 
salted cakes, even before storage, acceptable according to the 
voluntary limits proposed by Raccah and Baker (1978) and the 
proposed International Commission 011 Microbiological Specificationa 
for foods (lCMSf) criterioro (Nickelson II .llAL·• 1980; Cann, 
1977; Cann and Taylor, 1976). The voluntary bacterial limits are 
105/g while the ICMSF limits are m • 106/g, M • 107/g, n • 5 
I 
I 
I 
I 
.I 
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and c ~ 3. (M • marginally acceptable level, m = acceptable 
level, n = number of samples, c = number of samples allowed 
between m and M limits). 
The low levels or near absence of halophiles in the salt 
cakes could be due to low initial levels of halophi1es in the 
mince or a reflection of the purity of the salt. Under the 
experimental conditions halophiles would not pose a threat to 
the stability of the salted Haplochromis cakes. 
Since only two colony units were identified as coagulase 
positive~· aureus capable of releasing patent enterotoxins, 
and th.ese were isolated cases of contamination, the bacterial 
numbers shown in the columns under Staphs (Table XX) can be 
regarded as indicators of potential public health hazard rather 
than prese'nce of pathogens. On this basis the LDP and VP cakes 
would not be acceptable in the 1st week of storage while the UN 
cakes would be unacceptable for the 
3 
under ICMSF standards (m ~ 10 /g, M 
first three weeks of storage 
3 . 
= 2 x 10 /g, n = 5 and c = 3). 
However, with storage all the cakes are acceptable after 4 weeks 
of storage. The failure of the cakes to meet ICMSF Staphyllococcus 
specifications would not necessarily make the cakes unacceptable· 
since the cakes are consumed after they have been cooked and toxin 
production is known to occur from extremely large numbers (above 
6 10 /g- Jay, 1978). The presence of Staphyllococcus would emphasise 
the need for hygienic handling and immediate cooking of the fish · 
cakes after desalting. It should be emphasised that the value of 
microbiological standards, particularly fo.r foods that are subject 
to be cooked before consumption, is disputable (Cann and Taylor, 
1 976). 
6. CONCLUSIONS 
-·---------
I 
I 
I 
I 
I 
I 
I 
I 
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Whole ungutted Haplochromis spp. were converted into mince 
using a flesh~bone separator. The mince was then effectively 
washed in three washings using chilled water in the ratio of 
2:1 (water:mince) to flush out the guts and reduce the microbial 
load. The washing did not reduce the worm content of the mince. 
The nematode larvae of Contracaecum sp. and Eustrangylides sp. 
and the cestode larvae of L. intestinalis, although aesthetically 
undesirable in the mince, pose no serious public health hazard 
since they can be killed by cooking p·rior to consumption. 
The mean yield of 37.31- of washed mince from the four batches 
of Haplochromis spp. (Table V) was higher than the reported yield 
of 26.1% for Tilapia sp. from Figure 4 the yield of washed mince 
( 39 .4%) obtained from one batch of whole un.gutted Haplochromis is 
higher than the corresponding·yields (of 37.71-) from "nabbed" 
Haplochromis. Hence, in the production of mince from Haplochromis 
considerable savings could be made in the time, without 
reductions in yields, by mincing whole ungutted fish and then 
washing the mince. Better yields can be obtained on an industrial 
scale by a more efficient water separation process like centrifuging 
or using a nylon-muslin rather than the cheese cloth used in this 
study. The inevitable crude protein loss in wash water was 22.7%-
24 •. 7% which was within the range of losses reported by other 
workers. This could be a loss of soluble non-protein nitrogen 
rather than the true proteins. 
The washed mince was effectively preserved by adding 40% dry 
salt (salt:fresh mince) ~hich was also the optimum amount required 
to form coherent fish cakes. The excess liquor contained large 
quantities of salt (up to 27.8% the original salt) which can be 
recovered on an industrial scale possibly by evaporation. There 
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appear to be some protein losses of up to 5.9~ in the salt water 
and these losses are slightly higher than the 1. 3% loss from 
£. carpio reported by other workers. Effective desalting of the 
cakes was attained by soaking the cakes for 30 minutes in tap 
water ten times·the weight of the salted cakes. 
Storage trials were carried out at ambient conditions and 
showed that unpacked salted fish cakes continue to dehydrate and 
if the cakes are to be packaged at all, then they are better 
. vacuum packed. Vacuum packing was effective in reducing browning, 
odour and rancidity in the cakes as determined by the expert taste 
panel. However, in practice the equipment and material for vacuum 
packing would irocrease production casts. 
Microbiologically, the salted fish cakes were stable·at 
ambient temperature (2D-25°C) even after 14 weeks storage which 
would give ample time far the distribution of the fish cakes to those 
Uganda communities distant from the lake. Although Staphyllacaccus. 
levels an the fish were low. their initial presence would require 
that. the desalting of cakes be carried aut just before cooking. 
This study has demonstrated that Haplochromis spp. can be 
converted into minced salted cakes which can store well at ambient 
temperature and have great potential for storage even under 
tropical conditions. 
1. SUGGESTIONS fOR fUTURE WORK 
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The following complementary areas of study are suggested. 
1. Washing of Haplochromis Mince: whether in view of the 
substantial losses in protein and Solids this step can be 
omitted. Consequently the influence of unwashed mince on 
keeping time, rancidity, public health hazard and 
acceptability. 
2. Determination of nutritional losses particularly in 
washing and salting of the mince. This could include a 
study of fatty acid profiles and a comparative assessment 
of non-protein nitrogen and the protein losses. 
3 •. The effect of rancidity on acceptability; and the use of 
anti-oxidants in reducing rancidity in salted Haplochromis 
mince. The investigation should cover choice of and 
optimum levels of anti-oxidant. 
4. Storage trials under actual Ugandan ambient conditions and 
determination of remedies to any infestations. 
5. Development of a less·sophisticated apparatus for flesh-bone 
separation which requires low capital and possibly that does 
not depend on electric power and hence can be employed on a 
cottage scale. 
6. Feasibility study to assess the economics of the process 
with regard to cost of raw material, production costs, 
whether selling price is within the purchasing capability 
of the intended consumers, and the general acceptability of 
the product. 
B, APPENDICES 
I 
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Appendix I 
EXPERT TASTE PANEL SCORE SHEET 
SALTED FISH CAKES FROM Haplochromis spp. 
IDENTIFICATION MARK Q A 
DATE 
NAME 
........................... 
....•....•..............• 
1. Appearance (degree of browness, higher score represents darker colour) 
Colour 1 2 3 4 5 
Visual surface 1 2 3 4 5 
texture/grain Soft Granular 
2. Odour 1 2 3 4 5 
(No odour) (Strong odour) 
3. Taste 
a) Salt 1 2 3 4 5 
under- Slightly Salt Slightly Much 
salted under- satis- too salty too salty 
salted 
b) Rancidity 1 2 3 4 5 
not rancid 1st traces Rancid Very Much too 
of rancid- rancid rancid 
ity 
c) General fishy 
taste 2 3 4 5 
Bland, no v. strong 
fish taste fish taste 
4. Te15ture (mouth feel) 
1 2 3 ~ 5 
Soft Granular 
5. Any Other Comments 
6 
0 
D 
............................................... 
•....•••.•...•••...........•••...............•• 
............................................... 
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Appendix II Distribution of Lipid, Protein, Calciu~ and 
Moisture in; Haplochromis ( r1ain Group I I) 
Sample parameter Head Gut Fillet Residue Whole fish 
Relative 
proportion jl, 37 9 28 26 100 
Lipids 
g/100g 8.9 12.2 1 .6 4.2 5.9 
Crude Protein' 
Total Nx6 .25x 15.6 8.8 18 .3 19.1 16.7 
per 100g 
Ash g/100g 8,7 1 .6 1.1 7.6 5.4 
Calcium 
mg/100g sample 747 18 23 690 431 
Moisture 68.6 79.5 77.2 69.7 71.2 
Source: Ssali (1981). 
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